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PREFACE 


As  the  ambulance  pulls  up  to  the  hospital  entrance,  its  sirens 
still  whirling,  two  white-jacketed  attendants  push  a  stretcher  out 
to  meet  it.  The  little  girl  is  wheeled  into  the  hospital,  her  pale  face 
nestled  against  the  dark  green  blankets,  followed  closely  by  her 
anxious  parents.  In  the  foyer  they  find  their  surgeon,  who  directs 
the  stretcher  into  the  x-ray  department.  He  answers  the  unasked 
question  of  the  worried  father:  "Right  now,  whether  we  operate 
immediately  depends  on  what  the  x-rays  will  show."  To  parents 
like  these,  x-rays  will  always  mean  that  eventful  day  when  their 
little  girl's  Hfe  was  saved. 

In  a  specially  constructed  building,  an  enormous  apparatus  is 
made  to  focus  on  a  man's  head.  Two  million  volts  of  electricity 
are  brought  to  bear  on  this  x-ray  tube,  producing  extremely 
penetrating  rays  which  painlessly  enter  the  man's  skull  and  begin 
the  process  of  destroying  a  cancer  hidden  in  his  brain.  Meanwhile 
an  endless  stream  of  cancer  sufferers,  speaking  every  one  of  the 
world's  languages,  wait  their  turn  for  some  form  of  radiation 
treatment. 

For  others,  x-rays  are  a  method  of  industrial  research  portend- 
ing great  advances  in  metallurg\'  and  allied  fields.  Chemists 
employ  an  x-ray  beam  to  delve  into  the  atomic  structure  of 
various  cry^stals,  learning  how  to  put  together  extremely  compli- 
cated molecules. 

In  the  great  art  museums,  x-rays  are  a  valued  tool  of  the 
curators  in  their  search  to  expose  forgery  and  as  a  method  of 
research  into  painting  techniques. 

For    countless    others,    x-rays    and    radioactivity    stand    for 
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"Hiroshima"  and  a  gigantic  mushrooming  cloud  that  fore- 
shadows great  changes  in  international  relations  and  national 
economy — the  beginning  of  the  atomic  age. 

All  of  these,  and  more,  are  in  the  story  of  the  x-ray. 

A.  R.  B. 

New  York, 
December  1959 
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THE  STORY  OF  X-RAYS 

FROM 
RONTGEN  TO  ISOTOPES 


...  I  wish  to  declare  my  belief  that  phe- 
nomena, no  matter  how  mysterious  they 
may  appear  to  be,  have  a  natural  explana- 
tion and  will  yield  their  secrets  to  the 
persistent,  ingenious  and  cautious  efforts 
of  the  investigators. 

— Walter  Bradford  Cannon,  M.D. 


CHAPTER  1 

A  NEW  KIND  OF  RAY 


Late  one  November  afternoon  in  1895  a  German  professor 
named  Wilhelm  Conrad  Rontgen  enclosed  a  glass  tube  in  a  black 
paper  box.  This  glass  tube  had  wiring  within  it,  which  allowed  an 
electrical  current  to  build  up  inside  the  tube.  In  his  darkened 
laboratory,  Rontgen  connected  this  tube  with  an  induction  coil 
apparatus  and  passed  an  electric  current  into  the  tube.  A  faint 
greenish  light  glimmered  momentarily  from  a  nearby  bench. 

This  faint  luminescence  was  completely  unexpected.  Rontgen 
suspected  that  perhaps  a  faint  spark  from  the  coil  had  been  re- 
sponsible for  this  appearance.  He  pressed  the  button  once  more 
and  again  flashed  an  electric  current  through  the  tube.  This  time 
he  watched  intently  in  the  direction  from  which  he  had  seen  this 
faint  luminescence  and  again  a  small  light  appeared.  With  his 
experience  in  physics,  as  professor  of  the  physics  department  of 
the  University  of  Wiirzburg,  Rontgen  realized  that  something 
new  was  showing  itself.  He  lit  a  match,  looking  for  the  cause  of  this 
light,  and  found  on  a  bench  nearby  a  small  cardboard  screen 
which  had  been  coated  with  a  chemical  which  would  phosphor- 
esce when  it  was  struck  by  some  form  of  energy  or  ray.  Rontgen 
blew  out  his  match  and  moved  the  screen  further  away  from  his 
tube  enclosed  in  its  black  paper  and  in  the  darkened  room  again 
passed  electricity  into  this  tube.  Again  a  faint  luminescence 
played  across  this  screen,  a  light  which  had  never  been  recognized 
before. 

Rontgen  set  feverishly  to  work  with  this  lead  and  became  com- 
pletely unaware  of  the  passage  of  time  and  of  the  supper  hour 
which  came  and  passed.  Mrs.  Rontgen  finally  brought  him 
home  for  dinner,  but  he  returned  afterward  to  the  laboratory  and 
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continued  to  work  in  a  great  state  of  excitement.  He  had  realized 
that  some  new  kind  of  ray,  demonstrating  a  unique  power  of  pene- 
tration and  completely  invisible  to  the  eye,  was  being  revealed. 

In  the  days  and  weeks  that  followed,  Rontgen  determined  to 
his  great  surprise  that  these  rays  would  also  penetrate  through 
wood,  through  metals,  and  through  various  other  objects  which 
had  previously  been  considered  completely  opaque  to  any  kind  of 
ray.  At  some  time  his  hand  came  between  the  tube  and  the  screen 
and  to  his  great  amazement  he  saw  upon  it  shadows  of  his  finger 
and  hand,  with  darker  central  shadows  of  the  bones.  When  he 
moved  his  fingers,  the  shadows  moved  on  the  screen.  For  Rontgen, 
who  had  a  deep  interest  in  photography,  it  was  quite  in  course  to 
substitute  a  photographic  film  for  the  screen,  develop  this  film, 
and  so  make  the  first  known  x-ray  picture. 

One  of  Rontgen's  first  pictures  has  a  family  interest  in  that  it 
was  made  to  reassure  his  wife.  Mrs.  Rontgen  had  grown  uneasy 
about  her  husband's  night-time  activity  and  feared  for  his  health 
because  of  his  continued  mental  abstraction  and  his  night  sessions 
in  the  laboratory.  He  had  finally  to  explain  his  experiments  to  her, 
and  she  became  the  first  person  who  had  an  understanding  of  his 
work.  One  evening,  she  placed  her  hand  on  a  film,  the  tube  was 
energized,  and  an  x-ray  picture  was  made  which  showed  the  bones 
of  her  hand  as  well  as  the  ring  on  her  finger. 

In  these  early  weeks  of  experimentation  and  intense  work, 
Rontgen  became  convinced  that  the  discovery  had  considerable 
application  and  resolved  to  release  it  as  soon  as  he  could  be  sure  of 
his  facts.  In  the  last  days  of  December,  he  sent  his  paper  "tjber 
eine  neue  Art  von  Strahlen"  ("On  a  New  Kind  of  Ray")  to  the 
Wurzburg  Physical  Medical  Society  for  publication  in  its  journal. 
As  soon  as  the  journal  had  printed  this  article,  reprints  were  sent 
to  various  physicists  in  Vienna  and  Berlin  and  within  a  few  days 
sensational  news  releases  became  available  in  the  capitals  of  the 
world. 

Meantime,  Rontgen's  letters  on  the  subject  had  become  known. 
In  London  the  Daily  Chronicle  could  say  on  Monday,  January  6, 
1896,  "the  noise  of  the  war's  alarm  should  not  distract  attention 
from  the  marvelous  triumph  of  science,  which  is  reported  from 
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Fig.  2. -Radiograph  of  the  hand  of  Professor  Albert  von  Kolliker  made  by 
Kontgen  on  January  23,  1896,  at  the  first  public  lecture  on  the  discovery  of  the 
x-ray.  (Courtesy  Dr.  Ernest  H.  Bettman.) 
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Vienna.  It  is  announced  that  Professor  Rontgen,  of  the  Wiirzburg 
University,  has  discovered  a  Hght  which,  for  the  purpose  of  photo- 
graphy, will  penetrate  wood,  flesh,  cloth  and  most  other  organic 
substances.  The  Professor  has  succeeded  in  photographing  metal 
weights  which  were  in  a  closed  wooden  case.  Also  a  man's  hand 
which  showed  only  the  bones,  the  flesh  being  invisible." 

On  January  23,  1896,  came  the  first  public  lecture  by  Rontgen 
on  his  new  discovery.  Every  seat  was  taken  in  the  auditorium,  and 
when  Rontgen  made  his  appearance,  great  applause  resounded 
throughout  the  amphitheatre.  Among  other  things,  in  describing 
the  tube,  he  said,  "I  found  by  accident  that  the  rays  also  pene- 
trated black  paper.  I  then  used  wood,  paper,  books  but  I  still 
believed  I  was  the  victim  of  deception.  Finally  I  used  photography 
and  the  experiment  was  successfully  culminated."  After  the  term- 
ination of  the  formal  lecture,  Rontgen  asked  the  anatomist  of 
the  University,  Albert  von  Kolliker,  for  permission  to  x-ray  his 
hand.  Kolliker  agreed  and  placed  his  hand  on  the  film,  the  tube 
was  electrified,  again  being  covered  by  black  paper,  and  shortly 
after,  to  tumultuous  cheers  from  the  distinguished  audience  and 
students,  a  film  was  demonstrated  showing  the  bones  and  soft 
tissues  of  the  hand.  Kolliker  then  proposed  that  these  new  rays 
not  be  called  x-rays,  as  Rontgen  continued  to  call  them  throughout 
his  life,  but  should  be  named  Rontgen  rays  in  honor  of  the 
discoverer. 

During  these  practical  revelations  of  the  wonderful  power  of 
x-rays,  many  called  to  mind  the  prophetic  lines  of  Hamlet: 

Come,  come,  and  sit  you  down;  you  shall  not  budge; 

You  go  not  till  I  set  you  up  a  glass 

Where  you  may  see  the  inmost  part  of  you. 

[III.4. 18-20] 
As  a  result  of  a  demonstration  before  Kaiser  Wilhelm  II, 
Rontgen  received  a  high  Prussian  decoration.  Subsequently,  when 
he  was  offered  the  sign  of  personal  nobility  by  the  Prince  of 
Bavaria,  that  is,  the  privilege  of  using  the  prefix  von  before  his 
name,  he  declined  to  make  the  necessary  application.  The  title, 
and  nobility  in  general,  seemed  an  empty  honor  to  this  man  of 
science. 
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His  discovery  was  not  without  its  humorous  side  and  many  of 
the  famous  journals  of  the  day  offered  sardonic,  if  mistaken, 
comments  on  this  new  discovery.  In  the  old  Life  magazine  for 
March  12,  1896,  the  following  poem  by  Lawrence  K.  Russel  was 
printed : 

She  is  so  tall,  so  slender;  and  her  bones — 

Those  frail  phosphates,  those  carbonates  of  lime — 

Are  well  produced  by  cathode  rays  sublime; 

By  oscillations,  amperes  and  by  ohms. 

Her  dorsal  vertebrae  are  not  concealed 

By  epidermis,  but  are  well  revealed. 

Around  her  ribs,  those  beauteous  twenty-four, 
Her  flesh  a  halo  makes,  misty  in  lime, 
Her  noseless,  eyeless  face  looks  into  mine. 
And  I  but  whisper,  "Sweetheart,  je  t'adore. " 
Her  white  and  gleaming  teeth  at  me  do  laugh. 
Ah !  lovely,  cruel,  sweet  cathodagraph ! 

The  magazine  Photography  contributed  the  following: 

The  Roentgen  Rays,  the  Roentgen  Rays, 

What  is  this  craze : 

The  town's  ablaze 

With  the  new  phase 

Of  x-ray's  ways. 

I'm  full  of  daze. 

Shock  and  amaze, 

For  now-a-days 

I  hear  they'll  gaze 

Thro'  cloak  and  gown — and  even  stays. 

These  naughty,  naughty  Roentgen  Rays. 

Assemblyman  Reed  of  Somerset  County,  New  Jersey,  intro- 
duced a  bill  into  the  State  Legislature  prohibiting  the  use  of  x-ray 
opera  glasses  in  the  theater.  London  saw  advertisements  for  "x-ray 
proof  underclothing."  A  New  York  newspaper  stated,  "At  the 
college  for  physicians  and  surgeons,  the  Roentgen  rays  were  used 
to  reflect  anatomic  diagrams  directly  into  the  brains  of  the 
students,  making  a  much  more  enduring  impression  than  the 
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ordinary  methods  of  learning  anatomical  details.'*  This  would 
certainly  be  considered  a  desirable  way  of  study,  if  it  were  possible. 

In  1896  Dr.  S.  H.  Monell  of  New  York,  writing  in  the  American 
Medical  Journal,  referred  to  the  fluoroscope  as  "Roentgen's 
Spectacles"  and  noted  that  they  sold  for  from  $5  to  $20  each, 
depending  on  their  size. 

As  an  indication  of  the  immediate  appreciation  of  the  magni- 
tude of  the  discovery.  The  Nation,  a  journal  devoted  then,  as  now, 
to  the  public  issues  of  the  day,  had  this  to  say  on  January  30,  1896: 

A  recent  discovery  made  by  the  distinguished  physicist,  Prof. 
Wilhelm  Conrad  Rontgen,  of  the  University  of  Wiirzburg,  is  now 
exciting  considerable  interest  in  Germany,  where  it  is  being  subjected 
to  a  thorough  examination  by  scientific  men.  By  means  of  the  rays 
proceeding  from  a  Crookes'  radiometer,  under  the  influence  of  electri- 
cal induction,  Prof.  Rontgen  succeeded  in  photographing  on  ordinary 
photographic  plates.  These  rays,  which  are  wholly  imperceptible  to  the 
eye,  and  the  existence  of  which  has  been  hitherto  unsuspected,  have  the 
power  of  penetrating  all  kinds  of  wood  and  other  organic  substances 
and  solid  bodies,  except  metals  and  bones,  which  are  alone  capable  of 
resisting  them.  Thus  the  photograph  of  a  wooden  box  in  which  iron 
weights  are  enclosed,  shows  only  the  iron  weights;  the  box  leaves  no 
impression  whatever  on  the  photographic  plate,  the  electric  rays 
passing  through  it  just  as  the  ordinary  rays  of  light  pass  through  the 
air  or  any  perfectly  transparent  object.  The  same  is  true  of  flesh.  A 
photograph  of  the  hand  or  leg  shows  only  the  bones ;  the  photograph 
of  a  man,  whether  clothed  or  naked,  is  merely  a  human  skeleton  with  a 
watch  or  ring,  if  he  happens  to  wear  them.  Neither  his  clothing  nor  his 
flesh  offers  the  slightest  resistance  to  the  rays,  which  are  also  unaffected 
by  sunlight,  so  that  the  photographic  process  can  be  carried  on  any- 
where in  the  daytime.  The  importance  of  this  discovery  in  its  applica- 
tion to  surgery  as  an  aid  to  diagnosis  in  cases  of  disease  or  fracture  of 
the  bones  is  apparent.  The  photograph  would  reveal  immediately  and 
unmistakably  the  nature  of  the  disorder  without  the  long  and  often 
painful  examination  which  the  patient  is  now  obliged  to  endure.  In  a 
case  of  complicated  fractures  another  photograph  can  be  taken  after 
the  bones  have  been  set  in  order  to  ascertain  whether  the  dislocation 
has  been  properly  reduced  or  the  broken  parts  have  been  rightfully 
replaced.  The  exact  position  of  a  bullet  or  the  splinter  of  shell  can  also 
be  easily  found  without  the  use  of  a  surgeon's  probe.  In  all  probability 
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the  process  can  be  perfected  and  modified  so  as  to  photograph  the 
heart,  lungs,  Hver  and  other  internal  organs,  and  thus  determine  their 
precise  condition.  At  present,  however,  these  organs  offer  no  resistance 
to  the  rays,  and  therefore  leave  no  impression  on  the  plate.  Some 
months  ago,  Prof.  Rontgen  read  a  paper  on  this  subject  entitled 
"Uber  eine  neue  Art  von  Strahlen,"  and  printed  in  the  proceedings  of 
the  Wiirzburg  Physikalische  Medizinische  Gesellschaft.  This  report  has 
now  been  issued  in  pamphlet  form  by  the  university  publisher,  Stahel, 
in  Wiirzburg. 

The  world  eagerly  welcomed  Rontgen's  great  discovery,  recog- 
nizing his  contribution  as  a  tremendous  advance  in  diagnostic 
medicine.  The  value  of  roentgen  rays  in  the  treatment  of  disease, 
in  basic  scientific  research,  in  industry  and  indeed  as  the  herald  of 
radioactivity  in  general,  was  still  to  be  appreciated. 


CHAPTER  2 

PROFESSOR  RONTGEN 


Within  a  year  following  their  discovery,  laboratories  in  every 
corner  of  the  globe  were  producing  x-rays  and  one  painful  side 
effect  had  become  apparent.  Skin  and  hair  and  exposed  body  parts 
suffered  if  the  ray  reached  them  in  any  quantity.  A  Mr.  Hawks, 
for  example,  who  as  a  student  had  helped  Michael  Pupin  of 
Columbia  University  in  his  pioneer  x-ray  work,  became  a  demon- 
strator of  x-rays  in  one  of  the  large  New  York  department  stores. 
Hawks  soon  began  to  notice  a  painful  "sunburn,"  the  nails  of  his 
hands  stopped  growing,  and  the  hair  on  his  eyelashes  and  temples 
began  to  fall  out. 

Similar  experiences  were  noted  throughout  the  world,  and  in 
September  1896,  Sir  Joseph  Lister  said:  "There  is  another  way  in 
which  the  Roentgen  rays  connect  themselves  with  physiology  and 
may  possibly  influence  medicine.  It  is  found  that  if  the  skin  is  long 
exposed  to  their  actions  it  becomes  very  much  irritated,  affected 
with  a  sort  of  aggravated  sunburning.  This  suggests  the  idea  that 
the  transmission  of  the  rays  through  the  human  body  may  be  not 
altogether  a  matter  of  indifference  to  internal  organs  but  may  by 
long  continued  action  produce,  according  to  the  condition  of  the 
part  concerned,  injurious  irritation  or  salutary  stimulation."  In 
this  acute  observation,  Lister  forecast  both  the  possibility  of  x-ray 
therapy  and  also  the  hazards  which  are  now  realized  more  fully. 

By  1897  Rontgen  had  produced  three  scientific  papers  on  his 
rays,  presenting  fundamental  research  which  has  not  yet  been 
superseded.  These  concerned  the  effects  of  electrical  current, 
magnets,  size  of  tube,  and  distance  on  the  production  of  x-rays, 
and  estabhshed  many  of  the  fundamental  laws  regulating  the 
x-ray.  He  was  able  to  show  that  x-rays  were  not  deviated  by 
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passing  through  magnetic  fields.  He  also  observed  that  they  pro- 
ceeded in  straight  Hnes.  Rontgen  made  many  experiments  on  the 
abihty  of  x-rays  to  penetrate  nonopaque  objects  and  determined 
some  facts  on  the  thicknesses  that  could  be  penetrated.  He  also 
observed  how  the  rays  affected  conductivity  of  air  and  studied 
secondary  radiation  phenomena. 

Rontgen  himself  never  realized  a  penny  from  his  epoch-making 
discovery.  To  quote:  "According  to  the  good  tradition  of  the 
German  University  professors,  I  am  of  the  opinion  that  their 
discoveries  and  inventions  belong  to  humanity,  and  that  they 
should  not  in  any  way  be  hampered  by  patents,  licenses  or  con- 
tracts nor  should  they  be  controlled  by  any  one  group."  Thomas 
A.  Edison,  the  great  American  inventor,  commented  for  a  news- 
paper: "Rontgen  probably  does  not  draw  one  dollar  profit  from 
his  discovery.  He  belongs  to  those  scientists  who  study  for  pleasure 
and  love  to  delve  into  the  secrets  of  nature.  After  they  have 
discovered  something  wonderful,  someone  else  must  come  to  look 
at  it  from  the  commercial  point  of  view.  This  will  also  be  the  case 
with  Rontgen's  discovery — one  must  see  how  to  use  it  and  how  to 
profit  by  it  financially." 

One  of  the  usual  aftermaths  of  a  discovery  of  this  nature  is  the 
claim  to  priority  by  various  other  people.  "Discoverers"  of  the 
x-ray  cropped  up  from  time  to  time,  and  it  is  a  fact  that  A.  W. 
Goodspeed  of  Philadelphia  had  actually  though  accidentally 
made  an  x-ray  photograph  on  February  22,  1890,  six  years  before 
Rontgen's  discovery.  This  event  had  not  been  recognized  for  its 
true  significance  and  the  picture  had  been  placed  in  a  collection  of 
bizarre  effects.  Goodspeed  displayed  this  picture,  following  the 
discovery  by  Rontgen,  and  speaking  before  a  University  of 
Pennsylvania  audience,  said,  "We  can  claim  no  merit  for  the 
discovery  for  no  discovery  was  made.  All  we  ask  is  that  you 
remember,  gentlemen,  that  six  years  ago,  day  for  day,  the  first 
picture  in  the  world  by  cathodic  rays  was  taken  in  the  physical 
laboratory  of  the  University  of  Pennyslvania." 

Probably  one  of  the  first  military  appHcations  of  the  new 
discovery  took  place  during  the  Spanish-American  War  of  1898. 
The  chief,  and  perhaps  only,  use  for  the  x-ray  was  in  locating  and 
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Fig.  3. — "The  New  Roentgen  Photography:  Look  Pleasant,  Please."  A  cartoon 
from  the  old  magazine  Life,  Februaiy,  1896,  which  suggests  the  immediate 
interest  in  x-rays.  (This  appeared  one  month  after  Professor  Rontgen's  first 
public  lecture.)  (Courtesy  the  Armed  Forces  Institute  of  Pathology.) 
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removing  bullets  and  noting  the  condition  of  the  underlying  bones. 
Though  Dr.  W.  C.  Borden,  of  the  United  States  Army,  reported 
that  x-ray  facilities  were  limited  to  general  hospitals  and  hospital 
ships,  he  mentioned  that  in  the  Terah  expedition  an  x-ray  appa- 
ratus was  used  at  the  front,  so  close  that  operators  were  under  fire. 
He  gives  this  table  of  exposure  times : 

Forearm  and  hand       .  .  .1-2  minutes 

Shoulder  and  chest      .  .  .10  minutes 

Knee  .....        9  minutes 

Hip  joint,  head,  pelvis  .  .20  minutes 

In  this  connection,  it  is  interesting  to  read  Dr.  Borden's  account  of 
a  severe  x-ray  burn  occurring  to  a  certain  Thomas  McKenna.  This 
infantryman  had  had  a  gunshot  wound  in  the  upper  third  of  the 
right  arm  during  the  Santiago  campaign.  The  first  x-ray  exposure 
of  twenty  minutes  resulted  in  an  unsatisfactory  film.  On  successive 
days  he  had  a  second  and  third  exposure  to  the  same  area  also 
producing  undiagnostic  radiographs.  On  the  sixth  day  a  faint 
pinkness  was  noted  over  the  arm  and  chest.  This  gradually 
worsened,  with  the  production  of  large  ulcers  and  intense  pain. 
The  burn  was  very  slow  in  healing,  requiring  eleven  months  for 
recovery. 

The  first  Nobel  Prize  in  Physics  was  awarded  to  Professor 
Rontgen.  Many  professorships  were  offered  to  him  but  at  this 
time  his  wife  fell  chronically  ill  and  he  was  sadly  depressed  by  her 
condition.  This  painful  ailment  of  Mrs.  Rontgen  continued  for 
nineteen  years,  through  the  first  World  War,  and  culminated  in 
her  death.  Rontgen's  health  remained  good  but  his  activities  were 
seriously  limited  by  his  wife's  ailment. 

Rontgen  would  have  been  the  last  person  in  the  world  to  deny 
his  debt  to  his  scientific  forebears  and  contemporaries.  In  the  words 
of  Sylvanus  P.  Thompson  on  November  5,  1897,  "In  the  history 
of  Science,  nothing  is  more  true  than  that  the  discoverer,  even  the 
greatest  discoverer,  is  but  the  descendant  of  his  scientific  fore- 
fathers; he  is  always  essentially  the  product  of  the  age  in  which  he 
is  born." 

Perhaps  the  most  significant  predecessor  of  Rontgen,  in  this 
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field,  was  Michael  Faraday,  who  in  1838  had  produced  a  dis- 
charge of  electricity  through  a  space,  in  a  partially  evacuated  glass 
tube.  These  pioneer  observations  of  Faraday  led  to  the  work  of 
Wilhelm  Hittorf  in  1869,  who  described  "cathode  rays"  and 
referred  to  the  passage  of  electricity  in  a  vacuum  tube  as  produced 
by  an  induction  current. 

Shortly  afterwards,  William  Crookes,  of  England,  became 
interested  in  producing  glass  tubes  with  a  more  rarefied  gas  con- 
tent. He  had  discovered  a  new  element,  thallium,  in  1861  and 
wanted  to  continue  the  search  for  other  unknown  elements  by 
experiments  with  these  tubes.  He  was  able  to  produce  a  vacuum 
of  about  1/1,000,000  in  a  glass  tube  in  1877.  These  tubes  were 
called  after  their  inventor — Crookes  tubes. 

After  considerable  experiment,  Crookes  came  to  the  conclusion 
that  "the  cathode  rays  are  a  stream  of  particles,  for  they  heat  up 
bodies  upon  which  they  fall,"  that  "these  particles  carry  negative 
electricity,  for  they  could  be  deflected  by  an  electromagnetic 
field,"  and  that  "these  particles  stream  away  from  the  cathode  at 
right  angles,  for  they  could  be  focussed  by  using  a  convex  elec- 
trode, and  with  different  velocities,  for  they  are  deflected  at 
different  angles,"  as  reported  by  Professor  I.  W.  D.  Hackl.  It  is 
interesting  to  note  that  while  these  observations  remain  true, 
Crookes  must  have  been  producing  x-rays  at  the  same  time,  which 
went  unrecognized  until  Rontgen,  using  the  same  type  of  tube, 
made  his  discovery  in  1895. 

Rontgen's  unique  contribution,  however,  grew  out  of  his  love 
and  ability  for  practical  experiment.  These  experiments  were 
not  allowed  to  stand  isolated  from  the  current  of  available  knowl- 
edge. Rontgen  had  a  special  genius  for  achievement  in  laboratory 
work  and  for  application  of  his  results  in  a  practical  sense.  When, 
as  happened  in  November  1895,  ^  ^^w  fact  was  demonstrated, 
Rontgen  could  recognize  the  departure  from  existing  knowledge 
and  pursue  it  until  it  became  integrated  into  our  scientific 
heritage. 

Rontgen  maintained  a  deep  love  for  his  youthful  students  and 
they  in  turn  reciprocated  his  aflfection.  One  of  his  most  treasured 
memories  was  that  of  being  honored  with  a  torchlight  parade  by 
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the  students  of  the  University  of  Wiirzburg.  His  remarks  to  the 
students  that  night  give  a  deep  insight  into  the  essentially  humane 
and  kind  person  that  he  was :"...!  would  like  to  add  to  my  thanks 
a  hope  that  as  students  of  this  University  you  are  especially  chosen 
to  take  part  in  the  future  great  progress  of  human  knowledge, 
which  is  constantly  advancing. 

"...  During  the  time  when  congratulations  and  honors  were 
showered  upon  me,  unconsciously  the  new  impressions  erased  the 
older  ones.  The  one  thought  has  always  remained  lively  and  fresh 
and  that  is  the  memory  of  the  satisfaction  that  I  felt  when  my 
work  was  finally  developed  and  completed.  This  was  a  joy  derived 
from  successful  efforts  and  from  progress.  You  each  can  enjoy  this 
happiness  in  life  and  you  each  can  and  must  reach  this  goal  which 
depends  principally  upon  yourself.  May  this  happiness,  this  inner 
satisfaction,  come  to  each  of  you  and  may  the  circumstances 
permit  you  to  attain  this  end  by  a  path  that  is  not  too  difficult." 

During  the  war  of  19 14-19 18,  Rontgen  contributed  his  gold 
medals  and  most  of  his  assets  to  the  German  Government.  The 
defeat  of  Germany  and  the  postwar  inflation  impoverished  him. 
In  1922,  he  wrote  to  his  cousin  Louise,  living  in  the  midwestern 
United  States:  "Since  I  am  a  government  employee,  I  receive  a 
pension  which  increases  somewhat  with  the  rise  of  prices  of  living 
and  am  thus  relatively  secure  if  I  live  moderately,  but  I  must 
continuously  practice  more  and  more  economy." 

He  spent  these  years  reading  his  previous  documents,  going  over 
memories  of  the  past,  and  finally  died  on  February  10,  1923.  "The 
whole  German  nation  mourns  at  the  bier  of  its  great  son,"  said 
the  Minister  of  the  Interior. 

Dr.  S.  H.  Monell,  of  New  York,  writing  in  1896,  had  this  to  say 
of  Rontgen's  work:  "But  a  new  door  has  been  opened  wide  where 
none  before  was  known  to  exist,  and  through  it  we  may  pass  into 
a  happier  era,  when  uncertainty  and  empiricism  shall  give  place 
to  knowledge  and  definite  therapeutics,  and  medicine  shall  take 
its  rightful  place  among  the  sciences  that  are  exact." 

The  light  with  which  Rontgen  illuminated  the  scientific  world 
lives  on  after  him  and  its  achievements  continue  to  multiply. 


CHAPTER  3 

X-RAY  KNOW-HOW 


A  walk  through  the  x-ray  department  of  a  modern  hospital  is  an 
exciting  adventure.  It  may  begin  at  the  x-ray  diagnostic  rooms.  In 
the  first  room,  we  may  see  the  x-ray  tube  suspended  from  the  ceiHng, 
independent  of  the  table  below.  In  the  second  room,  the  table  may 
be  vertically  positioned  with  the  patient  suspended  by  straps  from 
his  ankles.  In  a  third  room,  there  may  be  special  equipment  for 
x-raying  the  skull  and  facial  bones.  In  a  fourth  room,  fluoroscopic 
examinations  of  the  stomach  or  of  the  intestines  are  in  process.  A 
fifth  room  may  have  specialized  equipment  allowing  the  urologist 
to  investigate  the  state  of  the  kidneys.  In  the  next  room,  the 
neurosurgeon  and  the  radiologist  may  be  conducting  an  examin- 
ation on  the  spinal  cord.  We  may  walk  endlessly  from  room  to 
room,  finding  patients  of  all  ages  going  through  the  most  amazing 
types  of  examination  in  order  to  achieve  a  diagnosis. 

There  is,  however,  one  basic  common  factor  in  all  these  rooms 
and  that  is  the  production  of  x-rays.  Just  how  are  x-rays  produced 
and  what  is  the  basic  unit  of  equipment?  This  basic  unit  of 
equipment  is,  of  course,  the  x-ray  tube.  The  very  first  tube 
that  was  employed,  that  used  by  Rontgen  in  1895,  ^^^  a 
Crookes  tube,  which,  of  course,  was  not  suspected  of  having  x-ray 
properties. 

It  was  concerning  tubes  such  as  these  that  Dr.  Monell  wrote  in 
1896:  "It  is  probable  that  ere  long  there  will  be  very  little 
trouble  in  obtaining  all  the  Crookes  tubes  we  may  desire,  and  at  a 
greatly  reduced  price.  (Prices  have  been  from   ,^7.  to   ^SI5.)" 

This  tube  was  a  pear-shaped  glass  tube  in  which  two  electrodes 
were  placed.  Most  of  the  gas  in  the  tube  had  been  evacuated 
before  it  was  sealed.  These  two  electrodes  had  been  placed  at  right 
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angles  to  each  other  but  not  in  a  direct  hne.  In  this  way  the  glass 
of  the  tube  itself  was  apposed  to  the  negative  electrode  (that  is,  to 
the  cathode;  the  positive  electrode  is  known  as  the  anode). 
Rontgen's  original  experiment  was  based  on  exciting  the  cathode 
with  an  electrical  current  producing  a  beam  of  so-called  cathode 
rays  or  electrons.  These  were  directed  across  the  tube  from  the 
cathode  and  struck  the  glass,  causing  it  to  glow  and  at  the  same 
time  producing  the  x-rays  which  excited  the  fluorescent  screen  on 
which  Rontgen  made  his  spectacular  observ^ation. 

Just  what  was  going  on  in  this  evacuated  small  pear-shaped  tube 
which  Rontgen  was  using  in  his  laboratory  to  produce  these 
x-rays  ? 

In  order  to  explain,  it  may  be  necessary  to  sketch  briefly  the 
structure  of  the  atom  and  atomic  building  blocks.  Until  relatively 
recently,  atoms  were  considered  indivisible.  Indeed,  the  term 
"atom"  comes  from  the  Greek  words  "fl  tomos,""  which  mean 
"not  divisible,"  and  was  applied  to  the  smallest  indivisible  unit  of 
matter.  However,  later  conceptions  of  the  atom  have  come  to 
include  smaller  units  wdthin  the  atom,  on  which  atomic  structure 
was  based.  The  individuals  chiefly  responsible  for  this  research 
include  Xiels  Bohr,  Rutherford,  Moseley,  Planck,  and  Van  der 
Broek. 

Research  revealed  that  the  atom  resembled  an  infinitesimally 
small  solar  system.  This  system  consisted  of  particles  called  elec- 
trons revolving  about  a  central  nucleus.  The  central  nucleus  was 
found  to  have  a  positive  charge,  the  revolving  particles  a  negative 
charge.  The  particles  within  this  positively  charged  nucleus  in- 
cluded a  proton  which  was  positively  charged  and  neutrons 
which  had  no  charge.  On  the  periphery,  orbiting  around  this 
centrally  placed  positive  nucleus,  are  as  many  electrons  as  the 
number  of  protons  in  the  nucleus.  Other  subatomic  particles  have 
been  found  but  these  are,  while  important,  not  principally 
involved  in  radiation  physics  as  it  is  known  today. 

The  relative  size  of  these  particles  has  been  described  in  an 
article  in  the  Journal  of  the  British  Astronomical  Association^  probably 
written  by  Davidson,  as  follows : 

"Beginning  with  the  electron  as  the  smallest  thing  known  in  the 
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universe,  the  multiplication  table  of  the  Universe  would  run  Hke 
this: 

100,000  electrons  side  by  side  stretch  the  width  of  an  atom; 
100,000  atoms  side  by  side  stretch  the  width  of  a  white  blood 

corpuscle ; 
100,000  white  blood  corpuscles  side  by  side  reach  a  length  of 

13  feet;  .  .  ." 

Since  the  largest  known  atom  contains  102  electrons,  this  descrip- 
tion suggests  the  enormous  spaces  which  exist  within  the  atom 
relative  to  the  size  of  the  atomic  particles.  An  explicit  statement 
is  this  quotation  from  Eddington:  "If  one  could  condense  the 
protons  and  electrons  of  all  the  atoms  which  constitute  the  average 
adult  body  to  a  perfect  solid,  the  mass  would  just  barely  be 
visible  by  means  of  a  microscope." 

Let  us  return  now  to  the  Crookes  tube  in  Rontgen's  laboratory. 
The  electrode  known  as  the  cathode  has  been  excited  by  a  current 
of  negative  electricity.  It  is  separated  from  the  opposite  end  of  the 
tube  by  a  partially  evacuated  glass  chamber  in  which  there  is  some 
gas.  The  gas,  in  this  old-fashioned  tube,  always  contains  some  free 
electrons.  Electrons,  always  negative  in  charge,  are  driven  away 
from  the  negative  cathode  since  like  charges  repel  each  other. 
They  are  driven  toward  the  opposite  end  of  the  tube — toward  the 
anticathode,  the  anode,  the  positive  pole  of  the  tube.  The  speed 
with  which  these  electrons  are  propelled  across  the  tube  depends 
on  the  difference  in  potential,  that  is,  in  electrical  charge,  between 
the  two  electrodes  in  the  tube.  When  these  speeding  electrons 
collide  with  a  solid  obstacle,  they  expend  their  energy  in  a  number 
of  ways.  Some  of  this  energy  becomes  transformed  into  x-rays. 
Most  of  it,  unfortunately,  is  changed  into  heat  and  is  wasted — 
about  99.8%  of  the  original  energy  of  the  electrons.  Only  about 
0.2%  becomes  x-rays. 

In  a  modern  x-ray  tube  the  cathode  ray  strikes  a  target  in  the 
anode,  rather  than  the  glass  envelope,  and  we  now  know  what 
takes  place.  Several  possibilities  may  occur.  One  of  them  is  the 
complete  stoppage  of  an  electron  particle  by  reason  of  a  direct  hit 
on  the  nucleus  of  an  atom  of  the  material  constituting  the  anode. 


Fig.  5. — Rontgen's  double-barreled  shotgun. 
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When  this  occurs,  there  is  a  total  changeover  of  the  energy  of  the 
electron  with  the  production  of  an  x-ray.  Such  a  collision,  how- 
ever, is  an  unusual  event;  more  likely,  the  impinging  electron 
strikes  an  atom  in  a  glancing  collision,  losing  some  energy  and 
bouncing  off  in  a  weakened  state.  Further  collisions  of  this  weak- 
ened electron  with  other  atoms  may  occur.  These  bouncing 
collisions  result  in  a  considerable  loss  of  energy  to  the  original 
electron  and  also  produce  x-rays. 

The  x-rays  that  result,  either  from  hitting  the  nucleus  full  on  or 
from  hitting  the  atom  a  glancing  blow  and  bouncing  off,  have 
varying  degrees  of  energy.  This  varying  energy  is  associated  with 
varying  frequency  of  the  x-rays.  The  higher  their  frequency,  the 
more  powerful  and  energetic  they  are.  The  limiting  factor,  as  far 
as  external  radiation  is  concerned,  is  the  energy  necessary  to 
penetrate  the  glass  envelope  of  the  x-ray  tube  within  which  this 
process  is  taking  place.  Outside  this  glass  tube  we  can  note  only 
the  effects  of  those  x-rays  which  are  sufficiently  energetic  to  pierce 
the  glass  envelope  of  the  x-ray  tube.  Rays  having  a  wide  range  of 
frequency  emerge,  and  these  make  up  what  is  described  as  general 
radiation. 

There  is  also  another  type  of  x-ray,  called  characteristic  radiation: 
characteristic  of  the  element  that  produces  it  and  produced 
differently  from  the  general  radiation.  When  the  incident  electron 
strikes  one  of  the  peripheral  planetary  electrons  of  an  atom  in  the 
target  or  anode,  it  may  remove  this  electron  from  its  orbital  ring. 
In  the  atom,  the  negatively  charged  electrons  revolve  around  the 
central  positively  charged  nucleus.  They  travel  in  definite  rings  or 
orbits.  The  first  or  innermost  ring  in  all  atoms,  known  as  the 
"K"  ring,  is  limited  to  only  two  electrons.  The  second  or  "L" 
ring  has  the  capacity  to  contain  eight  electrons.  Each  succeeding 
ring  has  a  definite,  known  capacity.  The  electrons  on  the  inner 
circles  or  orbits  are  more  firmly  attached  to  the  nucleus  than  are 
those  located  more  peripherally.  It  requires  more  energy  on  the 
part  of  the  striking  electron  to  displace  a  "K"  electron  than,  let 
us  say,  an  "M"  electron. 

If  a  "K"  electron  is  struck  and  is  displaced  by  the  incident 
electron,  that  particular  atom  then  becomes  positively  charged 
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because  it  has  lost  one  electron  and  has  one  less  negative  electrical 
charge  than  the  number  of  positive  charges  in  the  nucleus.  It  will 
therefore  have  a  single  positive  charge.  This  positive  charge  is 


nucleus 


Fig.  7. — Schematic  representation  of  an  atom,  showing  the  electron  orbits  in 
relation  to  the  nucleus. 

quickly  lost  by  the  addition  of  an  electron  from  the  surrounding 
gas.  That  is  accompUshed  by  the  displaced  "K"  electron  being 
replaced  by  the  "fall  in"  of  an  electron  from  the  next  ring,  the 
"  L"  ring,  that  "  L"  electron  in  turn  is  replaced  from  the  next  ring, 
and  so  on.  The  outer-orbit  electron  is  replaced  by  the  free  electron 
circulating  in  the  neighborhood  of  this  atom. 

As  the  "L"  electron  tumbles  inward  to  replace  the  knocked-out 
"K"  electron,  energy  is  produced  in  the  form  of  an  x-ray  or  photon. 
The  energy  and  frequency  of  this  x-ray  are  characteristic  for  the 
particular  element  and  also  for  any  "L-K"  electron.  An  x-ray  of  a 
slightly  different  energy  is  produced  if  the  electron  comes  from 
the  "M"  orbit,  and  so  on.  Therefore  even  within  characteristic 
radiation  there  is  some  significant  difference  in  energy  and  conse- 
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quently  in  frequency.  However,  for  all  intents  and  purposes,  the 
characteristic  x-ray  beam  is  almost  homogeneous.  This  homo- 
geneity distinguishes  it  from  the  heterogeneous  general  radiation 
explained  earlier.  Both  the  characteristic  and  the  general  radia- 
tions have  advantages  for  certain  uses. 

Before  all  this  theory  was  worked  out,  x-rays  had  been  dis- 
covered; the  theory  came  after  the  actual  physical  discovery.  All 
that  was  known  in  Rontgen's  day  and  until  some  time  afterward 
was  that  one  needed  a  partially  evacuated  glass  chamber,  a  source 
of  negative  electricity,  and  an  apposing  pole.  Then,  if  the  differ- 
ence in  electrical  potential  was  sufficient,  cathode  rays  were 
produced  and  x-rays  occurred. 

Because  the  early  tubes  were  highly  erratic  in  their  production  of 
x-rays,  research  became  centered  upon  their  improvement.  With 
these  gas  tubes  there  was  a  constant  tendency  for  the  gas  to  be 
absorbed  into  the  solid  parts  of  the  tube;  the  tube  might  leak;  it 
required  as  much  art  to  produce  x-rays  as  to  read  the  resulting 
x-ray  films.  Some  method  was  needed  to  make  a  stable  tube  whose 
output  could  be  relied  upon  and  would  permit  standardization  in 
exposure  technique.  Many  approaches  were  tried — one  ingenious 
early  inventor  had  a  little  pocket  blown  in  the  tube  to  enclose  a 
substance  which,  when  heated,  would  produce  gas  to  replenish 
that  which  had  been  absorbed  or  otherwise  lost. 

One  of  the  major  developments  was  to  place  the  anode  directly 
opposite  the  cathode  so  that  the  electron  beam,  instead  of  striking 
the  glass  surface  of  the  x-ray  tube,  struck  the  metal  surface  of  the 
anode.  By  facing  the  anode  with  a  target  of  selected  metal  it  was 
then  possible  to  produce  radiation  directly  from  the  target  and 
characteristic  of  the  target  metal. 

It  was  soon  found  that  the  waste  heat  presented  a  considerable 
problem.  This  extreme  heat  threatened  to  limit  the  amount  of 
x-radiation  that  could  be  produced.  It  was  discovered  that 
surrounding  the  target  with  a  heat-conducting  jacket  of  copper 
gave  a  considerable  improvement. 

The  introduction  by  W.  D.  Coolidge  of  the  hot-filament 
cathode  increased  the  supply  of  electrons  for  the  cathode-ray 
beam.  It  had  been  known  that  metal  heated  to  incandescence 
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produced  free  electrons  near  its  surface.  Therefore,  Coolidge  made 
use  of  this  cloud  of  electrons  by  placing  near  the  cathode  a  fila- 
ment of  tungsten  heated  by  a  separate  electrical  current  passing 
through  it.  Now  when  a  powerful  current  of  electricity  was  passed 
through  the  cathode,  further  energizing  this  cloud  of  electrons, 
the  electrons  were  directed  in  a  cathode-ray  stream  across  the 
tube,  where  they  struck  the  anode  and  produced  an  x-ray  beam. 

This  technique  of  beaming  the  electrons  at  high  speed  from  the 
cloud  aggravated  the  problem  of  cooling  the  anode.  This  has  been 
solved  in  present-day  equipment  by  rotating  the  anode  within  the 
x-ray  tube.  It  is  driven  by  its  own  motor  at  a  speed  of  approxi- 
mately 3,000  r.p.m.,  and  each  portion  is  thus  bombarded  during 
only  part  of  each  rotation.  Going  at  this  speed,  the  anode  may  be 
very  thin,  since  only  a  small  portion  of  it  receives  the  full  charge 
at  any  instant  of  the  exposure ;  the  heat  can  be  conducted  away 
from  the  part  temporarily  out  of  reach  of  the  cathode  ray.  Two 
benefits  have  resulted :  first,  the  use  of  high-potential  x-rays ;  and 
second,  the  use  of  the  smallest  possible  target.  This  latter  is  most 
important  for  detailed  work  since  it  has  been  discovered  that 
x-ray  films  produced  from  the  smaller  target  have  keener  and 
sharper  detail. 

Old  x-ray  tubes  are  now  rarities.  There  are  several  extensive 
collections,  one  in  Bellevue  Hospital,  New  York.  Sometimes  their 
glass  is  beautifully  tinted,  having  picked  up  purple  to  violet 
colorations  from  its  bombardment  by  both  cathode  and  x-ray 
beams.  They  exhibit  the  full  range  of  the  glass-blower's  art, 
employing  endless  variations  in  shape  and  structure,  chiefly  to 
house  chemicals  for  drying  the  gases.  In  addition,  many  contain 
gadgets  calculated  to  improve  and  stabilize  x-ray  production. 
Now  of  historical  importance  only,  these  tubes  are  sometimes 
found  as  reading-lamp  bases  and  in  various  decorative  uses  in 
radiological  households. 

Modern  equipment  requires  a  source  of  high-energy  electricity 
in  order  to  energize  the  tube  at  the  high  voltages  necessary  for 
producing  x-rays.  Such  an  x-ray  generator  usually  draws  power 
from  the  alternating-current  community  supply,  using  a  step-up 
transformer  to  raise  the  voltage  high  enough  to  produce  x-rays. 
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Fig.  8. — Construction  of  a  rotating  anode  tube. 
(Courtesy  General  Electric  Company.) 


The  generator  must  also  include  a  rectifier  to  provide  direct 
current,  that  is,  a  constant  unidirectional  flow  of  electrons  from 
cathode  to  anode.  If  the  alternating  current  that  we  use  to  light 
our  houses,  hospitals,  and  offices  were  stepped  up  by  the  trans- 
former and  then  applied  directly  to  the  tube,  the  anode  and  the 
cathode  would  switch  polarity  back  and  forth  and  the  x-ray 
production  would  be  markedly  inefficient. 

The  earliest  mechanical  rectifiers  set  up  an  enormous  clatter, 
perhaps  as  terrifying  to  the  patient  as  any  medical  procedure 
could  have  been,  and  did  not  completely  change  or  rectify  the 
alternating  current.  Modern  electronic  rectifiers  almost  complete- 
ly change  the  alternating  current  to  a  direct  current  and  furnish 
continuous,  almost  level  voltage  across  the  x-ray  tube. 

Following  the  perfection  of  this  type  of  generator,  a  need  de- 
veloped for  voltages  in  the  order  of  a  million  and  higher,  known  as 
supervoltage.  Several  generators  were  developed  which,  by  means 
of  a  collector  and  a  belt,  produced  such  charges.  But  research 
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Fig.  9. — Diagram  showing  relationship  of  basic  parts  of  an  x-ray  generating 
apparatus. 

workers  soon  needed  supervoltages  at  the  level  of  20,000,000 
and  higher.  These  have  been  obtained  with  the  cyclotrons  and 
similar  particle  accelerators  which  revolve  electrons  through  a 
variable  field  and  make  them  pursue  this  circular  path  many 
thousands  of  times,  until  they  acquire  energies  in  excess  of 
20,000,000  volts.  Quantities  of  data  have  been  accumulated  on  the 
use  and  value  of  this  extremely  high  supervoltage  for  x-ray 
purposes. 

With  the  development  of  high-voltage  generators  and  with 
today's  improved  x-ray  tubes,  a  concomitant  development  of 
equipment  associated  with  x-ray  has  taken  place.  It  was  noted, 
for  example,  that  when  an  x-ray  beam  was  directed  at  the  body 
the  rays  would  become  diffuse  in  direction  because  of  secondary 
radiation  produced  from  the  atoms  in  the  tissues.  As  a  result,  an 
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x-ray  of  a  thick  part  of  the  body  appeared  vague  and  the  detail 
was  obscure.  Such  films  were  difficult  to  interpret.  A  very  clever 
and  simple  device  called  the  Potter-Bucky  diaphragm  overcame 
this  difficulty  by  allowing  only  the  rays  which  were  coming 
straight  down  to  pass  through  to  the  film;  it  cut  out  the  secondary 
rays  moving  in  other  directions.  The  principle  underlying  this 
Potter-Bucky  diaphragm  is  extremely  simple.  The  diaphragm 
consists  of  a  number  of  lead  strips  set  on  edge  and  embedded  in  a 
framework.  The  lead  in  these  strips  interrupts  any  rays  that  come 
at  an  angle  and  only  those  coming  vertically  or  nearly  so  are  able 
to  pass  between  the  strips  to  the  film  below. 

Now  it  may  well  be  asked  how  the  lead  strips  themselves  are 
prevented  from  casting  shadows  on  the  film.  This  is  accomplished 
by  having  the  diaphragm  move  slowly  across  the  field  of  radiation 
during  the  exposure.  Before  the  diaphragm  was  devised  it  had 
been  noticed  that  when  something  was  moved  during  the  exposure 
it  tended  to  be  erased  from  the  film.  If,  for  example,  a  baby  in  the 
uterus  moves  during  an  x-ray  exposure,  the  film  will  show  no 
trace  of  its  body ;  it  has  completely  erased  itself.  Before  this  prin- 
ciple was  understood,  the  erasures  led  to  diagnostic  errors.  So  the 
diaphragm  was  moved  slowly  during  the  exposure,  the  lead  strips 
left  no  mark  on  the  film,  the  fogging  was  enormously  reduced,  and 
detail  showed  through  even  the  fattest  and  widest  of  bodies.  For 
example,  it  had  been  impossible  to  find  the  minute  stones  which 
cause  such  extreme  pain  in  descending  from  kidney  to  bladder; 
with  the  diaphragm  in  use,  fine  detail  became  evident  and  stones 
the  size  of  the  point  of  a  pin  were  clearly  demonstrated.  The 
appropriate  treatment  could  be  instituted  and  the  excruciating 
pain  relieved. 

Another  site  where  motion  has  come  to  have  some  diagnostic 
value  is  in  the  upper  spine.  X-rays  are  made  during  up-and-down 
motion  of  the  jaw.  With  this  technique,  it  becomes  possible  to 
erase  the  jawbone  and  to  demonstrate  details  of  the  spine  that  the 
jaw  would  otherwise  hide.  These  may  be  of  vital  importance  in 
suspected  cases  of  "broken  neck." 

While  the  diaphragm  and  the  tube  were  being  developed  and 
improved,  refinements  in  x-ray  tables  were  being  made.  These 
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heavy  tables  were  mechanized  so  that  pressing  a  button  would 
raise  or  lower  them,  tilt  or  turn  them,  and  bring  the  patient  into 
any  needed  position.  The  x-ray-tube  housing  was  suspended  from 
a  rail  on  the  ceiHng  and  operated  independently  of  the  table. 
Such  arrangements  ensure  a  maximum  of  flexibihty;  positioning 
can  be  obtained  with  minimum  effort  by  the  technician  and 
minimum  disturbance  to  the  ill  patient.  Indeed  the  mechanical 
ingenuity  embodied  in  our  modern  x-ray  equipment  makes  it  a 
marvel  of  engineering  and  a  delight  to  use  as  well  as  a  keen  and 
faithful  diagnostic  tool. 

Another  remarkable  advance  was  made  in  the  film  holders  or 
cassettes.  Dr.  Michael  I.  Pupin,  of  Columbia  University,  dis- 
covered that  he  could  increase  the  effect  of  the  x-rays  on  film  by 
inserting  fluorescent  screens  within  the  film  holder.  These  were 
similar  to  the  screens  on  which  Rontgen  had  originally  detected 
and  discovered  the  x-ray.  The  fluorescing  of  screens,  upon  contact 
with  x-rays,  in  the  form  of  the  object  being  x-rayed,  would  inten- 
sify the  effect  of  the  x-ray  beam  upon  the  film  and  greatly  improve 
the  resulting  roentgenograms.  These  intensifying  screens  are 
obtainable  now  in  varying  grades  from  slow  to  fast  and  are  a  part 
of  the  standard  equipment  of  all  x-ray  laboratories. 

No  discussion  of  the  underlying  physics  and  mechanics  of  x-ray 
is  complete  without  mentioning  the  film  processes.  The  film  base 
is  transparent  and  flexible  cellulose  acetate.  Apphed  to  both 
sides  of  this  base  is  a  solution  of  either  silver  chloride  or  silver 
bromide,  suspended  in  gelatin.  The  chemistry  underlying  photo- 
graphy, whether  by  x-ray  or  by  visible  light,  is  not  perfectly 
understood.  However,  when  the  x-ray  beam  strikes  the  silver-salt 
solutions  on  the  film  base,  a  subtle  change  takes  place  in  the  silver 
compound.  Then,  when  the  film  is  dipped  into  the  developer 
solution,  the  area  of  silver  salt  which  has  been  chiefly  affected  by 
the  x-ray  beam  becomes  precipitated  out  as  black,  opaque 
metaUic  silver.  Thus  the  part  of  the  body  which  transmits  x-rays 
most  readily  will  produce  a  blackened  area  and  that  part  of  the 
body  which  resists  or  absorbs  the  x-ray  beam  will  allow  the  film 
to  maintain  white  gradations.  The  shades  between  white  and 
black  reveal  the  varied  structures  shown  on  the  x-ray  film. 
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Fig.  II. — Early  tubes.  X-ray  and  valve  tubes  of  the  type  manufactured  in  the 
early  1900's  by  E.  Machlett  and  Sons.  (Courtesy  Machlett  Laboratories, 
Springdale,  Connecticut.) 
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Following  immersion  in  the  developer,  the  film  is  washed  and 
placed  in  the  solution  for  fixing.  The  fixed  film,  afi;er  being 
washed  and  dried,  is  ready  for  viewing. 

It  has  been  said  that  films  are  made  or  destroyed  in  the  dark- 
room; this  is  certainly  true.  Correct  temperature  of  the  solutions, 
using  fresh  solutions,  observing  careful  attention  to  the  established 
techniques  will  produce  a  good  diagnostic  film.  Short-cuts  and 
careless  attitudes  will  ruin  a  film,  frustrating  the  composite  efifect 
represented  in  the  entire  x-ray  process. 

The  finished  x-ray  film  is  examined  for  detail  and  for  contrast. 
The  single  greatest  factor  in  bringing  up  detail  is  the  smallness  of 
the  focal  spot  in  the  x-ray  tube.  Motion  of  any  type  will  tend  to 
fog  out  the  detail  unless  it  is  the  kind  of  calculated  motion 
previously  described.  Contrast  must  be  carefully  planned  for, 
since  too  much  contrast  in  sheer  black  and  white  will  fail  to  show 
the  inner  detail  which  is  so  essential  to  x-ray  diagnosis. 

The  modern  x-ray  installation  has  been  improved  vastly  over 
the  early  erratic  undependable  gas  tube,  housed  in  apparatus 
from  which  severe  electrical  shocks  could  be  obtained.  But  the 
future  of  diagnostic  radiography  looks  forward  to  still  newer  and 
better  devices.  In  a  new  fluoroscope,  w^hich  several  hospitals  in 
the  larger  cities  already  have,  the  image  seen  by  the  radiologist  is 
amplified  in  brightness  as  much  as  300  times.  When  the  search  is 
for  a  small  foreign  object  in  the  body,  for  a  minute  ulcer  of  the 
stomach,  or  for  the  earliest  sign  of  a  cancer,  you  can  imagine  how 
highly  diagnostic  such  an  amplified  image  can  be.  Present-day 
fluoroscopes  must  operate  in  complete  darkness,  but  this  ampli- 
fied image  may  be  viewed  in  a  semilighted  room,  enabling  many 
persons  to  partake  in  the  examination  and  consultation.  Motion- 
picture  attachments  are  also  available.  At  present  this  amplifying 
fluoroscopic  screen  is  somewhat  bulky  and  limited  but  will 
undoubtedly  be  improved  and  refined. 

Another  startling  new  development  is  the  isotope  diagnostic 
machine.  To  date,  probably,  it  is  in  use  only  in  military  estab- 
lishments. It  contrasts  dramatically  even  with  modern  hospital 
equipment.  All  of  the  electrical  installations  are  absent;  there 
is    absolutely  no   need    for    electricity.    Operating   without   any 
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generator,  the  isotope  x-ray  machine  is  extremely  portable.  The 
radiation  source  looks  like  a  thickened  disk  and  contains  radio- 
active isotopes  of  one  of  the  heavier  elements.  On  its  underside  is 
a  small  aperture,  very  similar  to  that  on  the  front  of  an  old- 
fashioned  camera.  The  object  to  be  taken,  say  a  hand,  is  merely 
placed  at  a  proper  distance  underneath  this  isotope  holder,  the 
aperture  is  then  opened,  and  the  rays  come  through  the  hand  to 
expose  the  film.  The  film  is  processed  in  the  same  way  as  any 
x-ray  film. 

This  unit  is  as  mobile  as  one  can  possibly  imagine  x-ray  equip- 
ment to  be.  When  one  thinks  back  to  conditions  during  World 
War  II,  when  x-rays  required  the  presence  of  a  heavy  and  some- 
times immovable  generator  with  constant  attention  to  electrical 
production  and  to  elaborate  equipment,  one  sees  how  revolution- 
ary this  development  is.  It  is  perfectly  true  that  films  made  by  this 
method  do  not  compare  as  yet  in  detail  with  those  made  by  good 
standard  equipment.  But  films  made  in  the  first  days  of  electrical 
x-ray  were  also  sadly  deficient.  It  is  safe  to  say  that  these  glimpses 
of  the  future  are  understatements  of  the  achievements  to  come. 


CHAPTER  4 
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Following  the  epochal  announcement  of  Rontgen's  discovery, 
there  was  feverish  world-wide  activity  in  the  direction  of  verifying 
and  confirming  as  well  as  advancing  the  original  discovery.  The 
tubes  Rontgen  used,  and  similar  ones,  were  available  in  many 
countries  and  already  in  use  in  many  laboratories  outside  of 
Germany.  With  the  announcement  of  Rontgen's  new  kind  of  ray, 
many  scientists  began  producing  x-ray  pictures  and  endeavoring 
to  further  advance  this  great  discovery.  They  learned  and  pub- 
lished a  vast  amount  of  material  within  an  extremely  short  time. 

Some  of  these  findings  were  entirely  accidental,  relating  to  the 
usefulness  of  the  new  ray  in  treatment  of  disease  as  well  as  in 
making  pictures  of  the  human  body.  In  Chicago,  E.  H.  Grubbe 
was  engaged  in  the  manufacture  of  vacuum  tubes,  similar  to  those 
which  had  been  used  by  Rontgen.  Grubbe  began  using  his  tubes 
to  produce  x-rays  and,  like  others  all  over  the  world,  took  no 
purposeful  precautions  against  radiation  damage.  The  prevalent 
view  considered  the  emanation  to  be  a  merely  different  form  of 
light.  Owing  to  the  fact  that  it  was  not  felt,  no  possible  harmfulness 
was  attributed  to  it. 

Grubbe  soon  experienced  a  very  painful  third-degree  reaction 
on  his  left  hand  and  was  forced  to  consult  a  physician  for  the  care 
of  this  dermatitis.  This  physician.  Dr.  J.  E.  Gillman,  had  under 
his  care  a  woman  who  had  been  operated  upon  for  cancer  of  the 
breast  and  in  whom  the  cancer  had  recurred  with  the  formation 
of  painful  ulcers.  Dr.  Gillman  referred  this  woman  to  Mr.  Grubbe 
for  treatment  by  the  roentgen  ray  and,  according  to  records 
quoted  by  Dr.  U.  V.  Portmann,  she  was  treated  with  x-rays  on 
January   29,    1896.   This   may  have   been   the   first   therapeutic 
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application  of  the  x-ray  method  and  came  within  a  remarkably 
close  interval  following  the  initial  discovery  of  x-ray  itself— and 
less  than  a  week  after  Rontgen's  first  lecture  in  Wurzburg!  Several 
other  cases  were  subsequendy  treated  by  Grubbe,  who  went  on 
to  obtain  a  medical  qualification  and  to  write  about  his  cases  in 
considerable  detail.  Grubbe  himself,  however,  became  one  of  the 
early  martyrs  of  radiology,  suffering  extensive  injury  involving 
his  face  and  hands.  These  injuries  later  degenerated  into  cancers 
and  necessitated  numerous  operations. 

With  the  advantage  of  hindsight,  it  is  interesting  to  look  back 
and  to  realize  that  while  all  this  work  was  going  forward  there 
was  absolutely  no  conception  that  the  painful  side  effects  might 
possibly  be  due  to  the  effects  of  x-ray  irradiation.  All  sorts  of 
causes  were  suspected,  among  which  were  the  possible  effect  of 
the  ultraviolet  rays  given  off  by  the  tube  and  the  possibility  that 
bacteria  might  be  actually  driven  into  the  skin  by  the  ray.  The 
true  cause  was  established  by  Elihu  Thomson,  of  Boston,  who  by 
experimentally  exposing  his  own  finger  to  the  roentgen  beam  was 
able  to  show,  since  the  rest  of  his  body  was  unaffected,  that  the 
x-ray  itself  had  produced  the  damage.  Other  investigators  went 
on  to  confirm  these  findings  and  the  direct  association  between 
radiation  and  the  skin  reactions  of  the  early  pioneers  was  soon 
accepted.  Meantime,  however,  many  of  the  x-ray  pioneers  had 
received  exposures  resulting  in  skin  cancer.  The  cancer  set  off  an 
inevitable  chain  of  events,  including  amputation  and  then  further 
amputation  and  finally  death  when  these  radiation-induced 
malignancies  had  spread  to  vital  parts  of  the  body. 

Yet  several  giants  of  that  period  escaped,  apparently  because  of 
devices  they  originated  not  for  the  basic  purpose  of  protection  but 
in  order  to  conduct  their  experiments  in  a  more  efficient  way. 
Some  of  these  arrangements  seem  to  have  shielded  the  operator 
from  the  invisible  hazards.  Rontgen  himself,  for  example,  enclosed 
his  tube  in  a  zinc-lined  box  for  scientific  purposes  rather  than  for 
self-protection.  He  had  also  added  a  lead  plate  between  the  zinc 
and  himself  and  was  thus  enabled  to  escape  the  harmful  effects 
which  had  followed  so  many  other  pioneering  efforts.  Dr.  George 
Pfahler,  of  Philadelphia,   a  distinguished  American  pioneer  in 
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DURING  BOTH  INTERVALS 


Fig.  13. — Rectification.  Top:  Circuit  for  full-wave  rectification,  employing  four 
valve  tubes.  Center:  Alternating  cycles,  showing  how  the  full  wave  is  used. 
Bottom:  Diagram  of  the  resulting  wave  form. 
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radiology,  believed  that  he  had  probably  saved  his  life  by  inter- 
posing an  aluminum  screen  between  the  tube  and  himself  as  far 
back  as  1899.  This  screen  was  not  intended  to  protect  him  from 
the  ray  but  rather  to  help  in  carrying  away  electrical  currents  and 
also  to  conceal  the  technical  aspects  of  his  apparatus.  Similarly, 
Dr.  Russell  J.  Reynolds,  of  England,  who  evidently  suspected  that 
the  dermatitis  of  his  hands  was  in  some  way  associated  with  his 
x-ray  apparatus,  enclosed  his  tube  in  a  box  which  he  painted  with 
a  lead-base  paint ;  this  may  have  removed  some  of  the  softer  radi- 
ations. However,  for  every  one  of  the  early  pioneers  who  fortuitously 
safeguarded  his  health,  there  were  many,  many  others  who  suffered 
from  the  ignorance  of  that  period  and  incurred  painful  and  often 
tragic  sequelae. 

As  in  so  many  scientific  endeavors,  some  side  effects  of  radiation 
were  discovered  accidentally.  The  epilating  effect  of  the  x-ray 
was  demonstrated  as  early  as  1896;  J.  Daniel,  of  Vanderbilt 
University,  reported  that  by  x-raying  the  skull  of  a  colleague  he 
had  inadvertently  caused  all  the  man's  hair  to  fall  out. 

It  had  become  common  practice  in  those  days  to  test  the  hard- 
ness and  penetrating  power  of  the  x-ray  beam  by  placing  the  hand 
in  front  of  the  tube  and  adjusting  the  current  and  other  factors 
until  a  reasonably  good  x-ray  image  of  the  hand  could  be  taken. 
For  example,  in  a  book  published  in  1904,  Earl  Freund  mentioned 
"a  Roentgen  photograph  of  a  man's  hand  at  a  distance  of  15 
centimeters  with  one  minute's  exposure,"  implying  that  when  this 
could  be  obtained  the  tube  was  then  ready  for  use. 

By  this  kind  of  testing,  the  roentgenologist  or  the  technician 
might  repeatedly  x-ray  his  own  hand  in  preparation  for  a  single 
session.  Innumerable  cases  of  painful  ulceration  of  the  hands  were 
reported,  to  be  followed  by  extensive  cancer  of  the  skin  with  the 
unfortunate  follow-up  of  surgery  and  usually  of  death. 

However,  through  this  tangled  skein  of  unfortunate  effects, 
trial-and-error  progress  continued.  In  1903,  Dr.  Nicholas  Senn  of 
Chicago  reported  that  he  had  treated  leukemia  by  radiating  the 
spleen  and  had  found  favorable  results.  This  announcement 
stimulated  research  on  a  worldwide  scale  and  can  be  regarded  as 
the  basic  step  toward  the  establishment  of  radiation  as  a  method 
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for  the  treatment  of  cancer  and  allied  disease.  Following  Senn's 
announcement,  x-ray  therapy  was  used  empirically  in  the  enor- 
mous variety  of  cancer  manifestations  with  which  mankind  is 
afflicted.  These  experimental  procedures  contributed  to  the 
achievement  of  the  various  techniques  that  we  know  today. 

The  doctors  employing  this  radiation  were  unhappy  about  the 
unscientific  aspects  of  the  early  method.  There  was  no  way  of 
measurement — no  way  of  administering  a  controlled  dose.  A 
colleague  in  Switzerland  might  report  that  he  had  treated  cancer 
of  the  ovary — but  with  data  limited  by  current  methods  of  re- 
porting it  was  difficult  to  repeat  his  results  in  any  other  areas  with 
different  machines.  The  dose  was  not  measurable  except  in  vague 
general  terms  of  time  and  the  amount  of  electricity  applied.  What 
was  needed  was  some  uniform  method  of  reporting  the  dose 
administered  so  that  others  might  make  use  of  the  statistics  and 
the  research  which  was  then  going  on  at  a  rapid  pace  throughout 
the  world. 

Perhaps  the  first  radiation  measurement  attempted  was  m 
terms  of  the  amount  needed  to  produce  reddening  of  the  skin. 
This  unit  was  called  an  erythema  dose.  But  this  method  had  many 
defects ;  the  quality  of  the  skin  was  an  indeterminate  factor,  and 
it  did  not  take  account  of  the  amount  of  skin  area  which  was 
radiated. 

Some  measurement  of  the  actual  amount  of  radiation  which 
reached  the  skin  was  needed.  This  was  soon  achieved  by  the  intro- 
duction of  the  roentgen  unit,  still  employed  today,  which  reflects 
the  ionizing  effect  of  the  roentgen  ray  within  a  definable  unit  of 
space.  This  was  first  described  in  terms  of  the  dose  measured  in 
air  at  the  portal  of  entry,  that  is,  the  place  where  the  beam  first 
strikes  the  body  tissue.  Estimation  at  this  level  was  insufficient  to 
describe  actual  dosage  and  a  skin-dose  technique  was  established. 
Soon  it  was  realized  that  the  measurement  needed  was  the  dose 
in  the  tumor  itself.  This  was  worked  out  and  compiled  in  intricate 
and  complex  tables  which  dehneated  the  amount  of  the  entering 
beam  which  reached  various  levels  in  the  body.  This  latter 
quantity  was  described  as  the  tissue  dose.  Radiologists  were  thus 
enabled  to  state  that  under  certain  circumstances  they  had  ad- 


BOMBARDING  LIVING  CELLS  31 

ministered  a  certain  number  of  "r"  units.  This  dose  was  delivered 
to  a  definite  depth  within  the  body.  Then,  by  carefully  correlating 
the  effects,  exhaustive  tables  of  dosage  and  standards  of  treatment 
were  set  up.  Any  radiologist,  anywhere  in  the  world,  could  then 
communicate  in  exact  terms  with  any  other  radiologist. 

At  the  present  time,  a  further  useful  measuring  unit  is  contem- 
plated. The  "r"  unit  may  soon  be  augmented  by  another  called 
the  "RAD."  It  was  discovered  that  there  is  a  different  absorption 
of  energy  in  the  various  tissues  of  the  body.  The  amount  of  energy 
absorbed  by  bone  differs  considerably  from  that  absorbed  in 
muscle,  in  blood  vessel,  or  in  various  other  tissues.  What  is  needed 
is  a  unit  which  will  describe  the  amount  of  radiation  which  is 
actually  absorbed  in  a  particular  tissue  of  the  body.  The  work  is 
going  forward  at  the  present  time  for  the  construction  of  tables 
along  these  lines  and  these  tables  will  then  be  useful  in  transposing 
"r"  units  to  "RAD  "  units.  Use  of  the  "RAD  "  will  make  for  further 
uniformity  of  procedure  and  precision  of  technique.  The  researcher 
in  Switzerland  who  discovers  that  a  certain  number  of  "RAD" 
units  will  achieve  a  certain  effect  may  then  communicate  to  his 
colleagues  in  other  quarters  of  the  globe.  They  may,  in  turn, 
reproduce  exactly  the  same  radiation  dose  to  a  given  area  in  the 
body  of  a  patient  in  their  community. 

A  speciality  within  the  science  of  physics  has  grown  up  in 
association  with  these  findings  and  workers  in  this  field  are 
known  as  radiation  physicists.  These  are  highly  trained,  competent 
individuals  who  range  from  researchers  to  the  more  practical 
engineers.  They  man,  equip,  and  calibrate  x-ray  equipment  and 
radiation-therapy  procedures  on  a  worldwide  basis.  One  of  their 
most  important  functions  is  to  accurately  calibrate  x-ray  equip- 
ment. Each  tube  and  each  x-ray  apparatus  has  a  different  output  of 
"r"  units.  When  an  x-ray  therapy  unit  is  set  up  it  must  be  carefully 
calibrated  by  the  physicist  so  that  the  radiologist  operating  the 
machine  will  know  the  number  of  "r"  units  which  are  emitted  in 
a  given  period  of  time  under  certain  factors.  When  this  is  known, 
the  procedure  is  limited  to  the  amount  of  time  necessary  to  pro- 
duce the  wanted  or  desirable  quantity  of  "r"  units.  The  physicist 
carefully  conducts  his  work  under  the  most  scientific  conditions, 
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placing  measuring  devices  at  varying  distances  from  the  thera- 
peutic x-ray  tube  and  recording  the  quantity  of  "r"  units  that  are 
produced  in  a  given  period  of  time.  Because  of  the  highly  respon- 
sible nature  of  the  work,  these  radiation  physicists  are  recognized 
and  licensed  only  after  the  most  careful  preparation  in  the  work 
which  they  are  undertaking.  An  incorrect  calibration  can  result 
in  great  harm  to  the  patient. 

In  addition  to  doing  this  type  of  work,  radiation  physicists  have 
also  invented  and  improved  equipment.  A  constant  stream  of  new 
devices  and  accessories  calculated  to  improve  radiation  therapy 
has  issued  from  their  laboratories.  Some  of  the  machines  which 
are  in  operation  now  are  extremely  intricate  and  complex  and  it 
is  due  to  the  physicist  that,  in  large  measure,  these  machines  are 
now  available. 

From  the  time  of  the  first  reports  on  the  effect  of  radiation  on 
the  skin  of  the  early  investigators,  many  suggestions  were  made  as 
to  the  possible  usefulness  of  these  radiations.  Perhaps  the  most 
common  idea  in  those  early  days  was  that  x-radiation  might  have 
an  effect  upon  bacteria  and  upon  germs.  This  was  predicted  on 
the  thought  that  there  was  some  association  between  x-rays  and 
sunlight  and  on  the  knowledge  that  sunlight,  on  occasion,  had  a 
beneficial  effect  upon  skin  inflammations  and  infections.  Exten- 
sive research  was  done  at  the  end  of  the  nineteenth  century, 
especially  upon  tuberculosis  and  allied  disorders  in  which  animals 
were  inoculated  with  these  diseases  and  then  subjected  to  intense 
radiation  therapy.  Relatively  soon,  however,  it  was  recognized 
that  any  such  beneficial  effects  were  highly  indirect.  X-rays  would 
act  by  causing  local  irritation  and  bringing  a  concentration  of 
white  blood  cells  and  other  immunological  agents  to  the  area 
where  they  would  act  upon  the  infecting  agent.  This  indirect  effect 
is  shared  by  numerous  other  preparations.  The  use  of  x-ray  for 
antibacterial  effect  was  soon  abandoned  in  large  part. 

There  was,  however,  an  immediate  uptake  in  interest  on  the 
part  of  doctors  specializing  in  skin  conditions,  for  the  usefulness  of 
this  agent  for  the  treatment  of  skin  disease  was  soon  estabUshed. 
Within  a  short  time  x-ray  treatment  of  skin  disease  became  a 
major  resource  of  every  practicing  dermatologist.  This  first  popu- 


Fig.  14. — Left:  The  Potter-Bucky  diaphragm.  The  small  diagram  {upper  right) 
indicates  how  the  secondary  radiation  (A)  is  absorbed,  and  image-forming 
radiation  (B)  passes  through. 


Fig.  15. — Monument  to  those  early  workers  who  suffered  and  died  from  x-ray 
exposure  incurred  in  practice  and  research.  At  the  Roentgen  Institute,  St. 
George's  Hospital,  Hamburg,  Germany.  (Courtesy  Machlett  Laboratories, 
Springdale,  Connecticut.) 
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larity  came  before  the  harmful  effects  of  radiation  were  fully 
appreciated.  Many  persons  were  harmed  in  the  early  years  be- 
cause of  this  insufficient  experience  and  the  medical  profession 
itself  moved  to  limit  and  moderate  the  use  of  this  new  method 
until  it  was  better  understood. 

Attempts  to  discover  further  uses  of  x-ray  stimulated  an  enor- 
mous output  in  the  world  medical  literature.  Innumerable 
articles  reflected  the  wave  of  interest  in  radiation  therapy  which 
had  reached  throughout  the  world.  In  part,  this  interest  was  due 
to  the  lack  of  other  effective  methods  for  treatment  of  cancer  once 
the  possibility  of  surgery  had  been  exhausted.  Because  of  inex- 
perience, many  cases  were  reported  as  cured  before  our  present- 
day  knowledge  of  recurrence  had  evolved.  The  literature  is  re- 
plete, in  the  early  days,  with  the  marvelous  melting  away  of  a 
large  and  ugly  tumor  and  the  likelihood  that  this  tumor  might 
recur  apparently  was  not  considered.  The  concept  of  three-  and 
five-year  cure  rates  was  not  realized  at  the  time. 

There  was  an  enormous  growth  and  improvement  in  the  kind 
of  x-ray  equipment  which  became  available  to  these  enthusiastic 
researchers  and  therapists.  Soon  the  method  of  elevating  the 
electrical  current  or  potential  to  operate  the  tube  was  far  out- 
stripping the  capacity  of  the  tubes  themselves.  The  erratic  per- 
formance of  these  gaseous  tubes  was  a  source  of  annoyance  and  a 
retarding  influence  on  the  advance  of  therapy  in  general.  Some 
complete  change  in  the  construction  of  the  x-ray  tube  was 
required.  This  was  achieved  through  the  discovery  by  Coolidge 
in  the  General  Electric  laboratory  of  the  use  of  the  tungsten  fila- 
ment and  through  other  revolutionary  construction  features.  The 
successful  harnessing  of  the  newer  electrical  energies  which  were 
produced  by  this  Coolidge  tube  marvelously  improved  the  extent 
and  reliabihty  of  the  x-ray  output. 

Standardized  levels  of  kilovoltage  were  soon  established.  The 
x-ray  production  for  the  treatment  of  skin  disease  was  labeled  as 
a  superficial  range,  somewhere  between  80  and  100  thousand 
volts.  An  intermediate  or  medium  range  of  approximately  140 
thousand  volts  was  established  for  inflammatory  or  infectious 
disease  lesions.  The  voltage  for  deep  therapy,  directed  at  cancers. 
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was  standardized  at  approximately  200  thousand  volts  or  200 
kv. 

It  soon  became  apparent  that  reddening,  inflammation,  and 
irritation  of  the  skin  would  prevent  much  of  the  valuable  portion 
of  the  deep-therapy  beam  from  entering  the  body  and  working 
its  beneficial  effect  upon  the  disease  or  cancer  below.  Moreover, 
as  these  reactions  became  acute,  the  therapy  had  to  be  broken  off. 
Some  method  had  to  be  found  to  eliminate  the  more  superficial 
rays  of  this  beam  in  order  to  minimize  skin  reaction  and  allow 
the  most  penetrating  portion  of  the  beam  to  pass  through  into 
the  body  below.  This  eliminating  of  soft  components  of  the  x-ray 
beam  is  known  as  hardening  the  beam  or  rendering  it  more 
homogeneous.  Hard  or  homogeneous  x-rays  have  the  highest 
penetrating  value  and  will  pass  through  the  skin  to  work  their 
healing  effect  upon  the  disease  process  in  the  depths  of  the  body. 

This  hardening  was  accomplished  by  a  series  of  filtration  pro- 
cedures. Dr.  George  E.  Pfahler  was  the  pioneer  in  thus  modifying 
and  thereby  intensifying  the  usefulness  of  the  x-ray  beams.  As  his 
filtration  material  he  selected  leather,  believing  that  it  most 
closely  approximated  the  density  of  the  human  body.  There 
followed  a  wonderful  series  of  experiments  in  this  field,  in  which 
aluminum,  copper,  and  mixtures  of  various  metals,  have  been 
adopted  to  serve  as  filtering  agents.  By  employing  filtration,  radi- 
ologists are  able  to  direct  enormous  quantities  of  radiation  into  the 
depths  of  the  body  and  at  the  same  time  preserve  the  skin  overlying 
the  portal  of  entry  of  these  radiations. 

A  higher  range  of  therapy,  called  supervoltage,  was  introduced 
some  years  ago.  This  began  with  a  million-volt  generator.  This 
has  been  followed  by  2-  and  3-million-volt  machines.  In  addition, 
by  using  the  betatron  and  the  synchrotron,  enormous  linear 
acceleration  is  given  to  other  particles  used  for  therapeutic  pur- 
poses, ranging  up  to  22  milUon  volts  and  higher.  Considerable 
research  has  been  achieved  with  these  machines  and  their  useful- 
ness is  being  established. 

In  more  recent  years,  with  the  advent  of  radioactive-isotope 
therapy,  a  completely  new  departure  has  taken  place  in  the  equip- 
ment and  armamentarium  of  the  radiologist.  This  advance  is 
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embodied  in  the  unit  described  as  the  cobalt-60  radiotherapy 
unit.  This  consists  of  an  apparatus  or  shield  in  which  is  placed  a 
certain  quantity  of  cobalt-60,  a  radioactive  isotope  of  cobalt. 
Cobalt-60  produces  radiations  similar  to  those  produced  by  x-ray 
apparatus  of  the  i-  to  3-million-volt  type.  This  cobalt-60  emitter 
is  much  less  bulky  and  does  not  require  the  electrical  apparatus 
needed  to  operate  the  earlier  or  supervoltage  radiation-therapy 
machines.  Its  usefulness  has  been  gradually  extended  by  newer 
engineering  techniques  applied  to  it.  This  has  resulted  in  successful 
reduction  of  its  bulk  and  the  addition  of  mobility  to  the  apparatus. 

Many  reports  of  the  beneficial  effects  of  the  cobalt-60  machine 
have  been  published  abroad  and  in  this  country  and  there  will 
undoubtedly  be  an  increasing  use  of  this  type  of  equipment  in  the 
years  to  come.  The  cobalt-60  emitter  has  become  so  mobile  that 
it  is  now  used  in  the  newer  rotational  techniques  in  which  the 
patient  lies  stationary  and  the  machine  revolves  in  an  arc  about 
the  patient's  body  with  the  entering  portal  distributed  over  a 
considerable  portion  of  the  body  surface.  The  effect  is  to  mini- 
mize the  skin  exposure  on  any  one  given  spot  and  yet  to  achieve 
the  end  result  of  producing  the  correct  dose  of  "r"  units  within 
the  body  at  the  point  where  the  disease  process  is  located.  This  is 
particularly  applicable  to  those  deep-seated  tumors  which  can  be 
reached  in  a  variety  of  angles  through  the  body. 

All  this  intricate  research,  all  these  expensive  and  complex 
machines,  all  the  background  and  training  of  physicist,  techni- 
cian, and  radiologist  is  directed  to  bringing  to  bear  upon  the  living 
cells  the  powerful  ionizing  influence  of  the  x-ray  beam.  Just  what 
actually  does  take  place  within  this  cell  when  the  radiation  beam 
strikes  it  ?  Research  along  these  lines  has  enormously  modified  the 
method  by  which  radiation  is  administered.  It  was  formerly 
thought  that  a  massive  dose  given  over  a  short  time  would  accom- 
plish the  needed  result,  producing  death  of  the  tumor  cells  and 
allowing  the  patient  to  sustain  this  tissue  destruction  and  preserve 
his  normal  living  cells.  It  was  discovered,  however,  that  both 
normal  body  cells  and  tumor  cells  which  are  in  the  dividing  stage 
of  the  cell-multiplying  cycle,  are  extremely  sensitive  to  the  x-ray 
beam,  much  more  so  than  cells  which  are  fully  mature.  Because 
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of  this  discovery,  radiation  methods  were  modified  in  order  to 
strike  these  tumor  cells  more  frequently  during  this  dividing  or 
mitotic  period. 

It  was  further  discovered  that  normal  body  cells  will  tend  to 
recover  if  the  dose  is  not  immediately  overwhelming  or  lethal, 
whereas  tumor  cells,  which  require  less  radiation  to  kill  them, 
will  not.  Therefore  the  technique  was  modified  to  what  is  de- 
scribed as  a  fractionated  dose,  that  is,  a  total  dose  which  is 
administered  over  a  longer  period  of  time  in  smaller  daily  doses. 
By  means  of  this  technique,  tumor  cells  were  struck  several  times 
in  their  cycle,  on  different  days,  and  the  chances  of  striking  them 
in  their  dividing  stage  was  greatly  enhanced.  At  the  same  time, 
the  more  resistant  normal  body  cells  were  given  a  less  than  lethal 
dose  and  could  recover  from  the  effects  of  this  before  the  next 
treatment  was  administered. 

What  actually  happens  to  a  cancer  cell  when  it  is  struck  during 
its  sensitive  state  by  an  adequate  dose  of  radiation  ?  The  usual 
response  is  the  death  and  disintegration  of  the  tumor  cell.  This 
has  been  carefully  observed  by  taking  portions  of  the  radiated 
body  tissue  and  examining  it  under  a  microscope.  It  has  been 
carefully  checked  by  numerous  such  microscopic  examinations. 
Those  tumor  cells  which  are  caught  during  their  sensitive  phase 
are  actually  seen  to  melt  away. 

What  is  basic,  of  course,  to  this  entire  concept  is  that  tumor 
cells  are  more  sensitive  to  radiation  than  are  normal  living  cells. 
If  their  sensitivities  were  equal,  then  the  radiation  applied  would 
equally  destroy  both  the  normal  cells  and  tumor  cells  and  radia- 
tion therapy  would  be  of  no  avail.  This  differential  in  sensitivity, 
enhanced  by  fractionating  the  dose  so  as  to  just  destroy  tumor 
cells  and  allow  the  normal  cells  to  recover,  has  made  radiation  the 
powerful  weapon  that  it  is  in  the  fight  against  cancer.  The  attempt 
is  to  destroy  those  tumor  cells  which  are  sensitive  to  radiation 
while  preserving  the  surrounding  normal  body  tissue. 

But  tumor  cells  differ  in  sensitivity.  There  is  a  second  category 
which  is  moderately  resistant  to  radiation.  Under  the  x-ray  beam 
these  will  progressively  enlarge  with  the  production  of  what  are 
termed  "giant-sized"  tumor  cells.  These  giant  cells  ultimately 
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regress  and  die.  They  are  demonstrated  on  sections  cut  from 
tumors  undergoing  radiation  and  are  identified  by  their  large  size. 
They  are  an  indication  that  the  type  of  tumor  is  not  completely 
radiosensitive  but  includes  strains  of  cells  which  are  more 
resistant. 

A  third  kind  of  cell  is  even  more  radioresistant  and  responds  to 
radiation  by  the  production  of  keratin.  Keratin  production  is  a 
part  of  the  life  cycle  of  normal  cells ;  the  keratin  produced  by  skin 
cells  is  ultimately  discarded  as  scaling.  These  more  resistant 
cancer  cells  undergo  what  is  described  as  a  premature  or  induced 
radiation  keratogenesis  and  through  this  production  of  keratins 
their  aging  and  their  ultimate  demise  are  hastened. 

We  may  say,  then,  that  the  ideal  administration  of  radiation 
therapy  is  meant  to  selectively  destroy  the  tumor,  leaving  the 
normal  cells  intact.  The  technique  of  fractionation  takes  advan- 
tage of  the  inherent  selective  difference  to  destroy  tumor  cells  and 
leave  normal  cells  alive.  This  destruction  is  accomplished  pri- 
marily in  those  most  sensitive  cells  by  immediate  cell  death;  in 
those  moderately  resistant  by  the  production  of  giant  tumor  cells, 
and  finally  in  those  that  are  more  resistant  by  a  radiation  kerato- 
genesis. Many  researchers  believe  that  only  further  knowledge 
and  information  about  the  tumor  cell  will  achieve  the  future  goal 
of  a  completely  successful  method  of  treating  cancer.  Along  these 
lines,  basic  research  in  the  living  habits  of  tumor  cells  is  being 
conducted  intensively  in  the  research  centers  of  the  world.  It  may 
well  be  that  one  key  to  the  successful  management  of  cancer  will 
be  found  by  inducing  an  accentuated  sensitivity  in  cancer  cells  so 
that  radiation  will  more  readily  destroy  them. 

A  word  of  caution  about  the  limitations  of  radiation  therapy 
may  be  in  order.  It  had  been  thought  that  the  key  to  cancer 
treatment  was  to  improve  x-ray  machines  so  that  the  skin  barrier 
could  be  bypassed  and  a  truly  lethal  dose  delivered  to  the  tumor 
without  harmfully  affecting  the  overlying  skin.  This  improvement 
has  been  achieved!  It  is  now  possible  to  pass  an  x-ray  beam 
through  the  cover  of  a  book  without  scorching  the  surface  of  the 
cover,  yet  char  the  inner  pages.  By  means  of  this  unlimited 
radiation  effect  upon  underlying   tissues  it  had   been   thought 
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possible  to  eradicate  the  cancer  completely.  Unfortunately  this 
concept  has  not  proved  itself.  In  its  place  there  has  arisen  the  idea 
of  "  biological  determination,"  that  is,  a  belief  that  the  basic  type 
of  cell  in  the  cancer  determines  the  outcome  of  the  case,  rather 
than  the  total  effectiveness  of  the  treatment  methods.  It  is  perhaps 
enough  to  say  that  there  is  insufficient  knowledge,  at  present,  to 
establish  the  truth  of  these  concepts. 


CHAPTER  5 

SEEING  THE  BODY  WORK 


The  enormous  novelty  and  potential  medical  importance  of 
being  able  to  see  the  internal  organs  of  the  patient,  as  they  function 
and  perform  within  the  body,  resulted  in  the  large-scale  develop- 
ment and  improvement  of  Rontgen's  original  screen.  In  place  of 
the  piece  of  barium  platinocyanide  paper  which  had  fluoresced 
when  the  beam  of  x-rays  accidentally  struck  it,  extremely  complex 
machines  were  produced.  These  fluoroscopes  consist  essentially  of 
an  x-ray  tube  and  a  fluorescent  screen.  The  patient  is  placed  in 
front  of  the  tube  and  the  x-ray  beam  passes  through  his  body, 
striking  the  screen  in  front  of  him  and  producing  a  moving  image 
on  the  screen.  The  operator  takes  a  position  in  front  of  the  screen 
where  he  can  observe  the  image  on  the  screen  to  advantage. 
From  this  close-up  position,  he  can  move  the  patient  into  various 
positions  for  optimum  visibility. 

Various  important  accessories  are  available  with  the  fluoroscope. 
The  most  important  of  these  is  called  a  spot-film  device.  With  the 
aid  of  this  accessory  the  operator,  after  placing  the  patient  in  the 
most  advantageous  position  for  diagnosis  as  seen  fluoroscopically, 
may  then  take  an  immediate  x-ray  picture  demonstrating  on  film, 
as  a  permanent  record,  just  what  he  saw  in  the  fluoroscope. 

Another  extremely  valuable  device  now  being  employed  is  the 
image  amplifier.  By  means  of  this  method  the  image  on  the  screen 
is  intensified  up  to  300  times  and  the  brightness  is  so  markedly 
improved  that  the  entire  process  of  fluoroscopic  viewing  may  be 
done  with  the  room  partly  lighted,  in  marked  contrast  to  the 
pitch-black  conditions  needed  for  ordinary  fluoroscopy. 

It  is  also  possible  to  fit  a  fluoroscopic  screen,  which  has  been 
amplified  in  this   manner,   with  a  motion-picture  camera  and 
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obtain  motion  pictures  of  the  fluoroscopic  findings.  By  so  doing  it 
becomes  possible  to  allow  many  medical  consultants  to  view  the 
fluoroscopic  findings  and  to  bring  their  varied  background  to  bear 
on  the  problem. 

As  Rontgen  had  seen  his  own  hand  move  on  his  screen,  each 
of  the  major  medical  specialties  found  an  important  appUcation 
of  this  fluoroscopic  method  to  advance  their  particular  work. 

The  cardiologist  or  heart  specialist  was  able  for  the  first  time  to 
observe  the  contractions  and  movements  of  the  heart  during  life. 
Whereas  before  he  could  only  listen  and  sound  the  chest,  he  could 
now  actually  see  this  constantly  moving,  vital  muscle. 

The  gastroenteroiogist,  or  stomach  doctor,  was  enabled  for  the 
first  time  also  to  watch  the  digestive  tract  as  food  passed  through 
it.  He  could  note  its  functioning,  its  changes  in  shape,  its  appear- 
ance in  health  and  in  disease.  One  of  the  earliest  investigators  of 
this  particular  field  was  Dr.  Walter  Bradford  Cannon,  of  Harvard 
University.  In  1896,  within  a  year  of  the  discovery  of  the  x-ray, 
he  was  able  to  demonstrate  the  alimentary  tracts  of  the  frog  and 
cat.  His  method  was  to  introduce  an  opaque  material  called 
bismuth  subnitrate  into  the  food  of  these  animals  and  watch  the 
passage  of  this  material  down  the  alimentary  canal.  Cannon's 
methods  and  findings  have  been  an  inspiration  and  a  guide  to 
present-day  workers. 

The  orthopedic  surgeon  was  able  to  see  the  fractures  that  he 
previously  had  manipulated  bhndly.  Seeing  them,  he  could  place 
bones  end-to-end  in  good  position  and  encase  them  in  plaster, 
satisfied  that  when  they  reconstructed  themselves  the  patient 
would  be  as  good  as  new.  The  surgeon,  searching  for  gunshot  or 
other  opaque  objects  in  the  body,  was  able  to  locate  them  exactly. 
He  could  then  accurately  guide  his  questing  scalpel  in  the  direc- 
tion of  these  foreign  bodies  instead  of  blindly  probing  for  them. 

For  the  patient  in  the  diagnostic  x-ray  department,  however, 
clad  only  in  a  cotton  gown,  being  confronted  by  the  radiologist 
for  a  fluoroscopic  examination  is  an  almost  unearthly  experience. 
The  radiologist  is  usually  equipped  with  red  goggles,  huge  bulky 
gloves,  and  a  long,  heavy,  leaded  apron  extending  from  shoulders 
down  to  midleg.  The  contrast  between  the  patient's  vulnerable 


Fig.  1 6 — An  x-ray  shows  buckshot  (A)  in  the  right  eye.  An  incidental  finding  of 
a  benign  tumor  (B)  is  also  revealed  in  the  right  facial  sinus. 


Fig.  17 — The  barium-filled  colon  as  it  would  be  seen  during  a  fluoroscopic 
examination.  Several  diverticuli  are  shown. 
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body  and  the  covered  protected  radiologist  almost  invariably 
prompts  the  patient  to  wonder  whether  he  is  going  to  be 
exposed  to  something  from  which  the  radiologist  is  seeking 
individual  protection.  He  is  indeed — but  one  must  remember  that 
the  radiologist  requires  this  protection  because  of  constant  ex- 
posure, whereas  for  the  patient  this  exposure  is  momentary  and 
infrequent. 

This  particular  patient  may  have  come  to  the  office  of  the 
radiologist  because  his  family  doctor  was  concerned  about  the 
possibility  of  heart  disease.  One  basic  way  of  determining  w^hether 
there  is  heart  disease  is  to  make  a  visual  fluoroscopic  examination 
of  the  heart.  The  patient,  in  his  cotton  gown,  takes  a  position 
behind  the  fluoroscopic  screen,  a  rectangular  greenish-coated 
surface  of  approximately  12  by  16  inches.  The  radiologist,  who 
has  worn  his  red  goggles  for  approximately  twenty  minutes  to 
accommodate  his  eyes  to  the  expected  darkness,  turns  out  all  the 
white  lights  in  the  room.  The  x-ray  tube  is  energized;  its  beam 
passes  through  the  patient  and  impinges  upon  the  screen.  Now 
the  living  image  of  his  heart  appears  on  the  screen,  faithfully 
reproduced  as  it  functions  in  the  chest.  The  interv^ening  skin,  ribs, 
sternum,  muscle  and  other  tissues  between  the  fluoroscopist  and 
the  patient's  heart  have  vanished.  He  sees  the  shape  of  the  heart 
and  estimates  the  heart  size.  He  sees  the  pulsation  of  the  heart  and 
determines  whether  or  not  this  pulsation  is  abnormal.  He  sees  this 
vital  organ  as  it  performs  in  the  patient's  chest.  In  addition,  the 
large  arteries  and  veins  associated  with  the  heart  cast  their 
shadows  in  certain  characteristic  positions  and  sizes  and  the 
fluoroscopist  also  observes  them  for  possible  defects.  The  patient 
is  turned  at  various  angles  so  that  varying  portions  of  the  cardiac 
silhouette  will  appear  for  observation. 

Some  indirect  methods  are  used  for  better  visuaHzation.  The 
most  usual  technique  consists  in  giving  the  patient  a  solution  to 
drink  while  he  is  being  observed.  This  solution  contains  barium 
sulphate,  a  substance  which  is  chemically  inert  but  which  is  dense 
enough  to  cast  a  dark  shadow  on  the  screen.  The  patient  drinks 
this  solution  and  it  passes  down  the  esophagus  to  the  stomach. 
The  esophagus,  by  virtue  of  its  location  along  the  back  wall  of 
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the  heart,  will  show  whether  or  not  the  chamber  of  the  heart  on 
this  back  wall  is  enlarged.  If  it  is  enlarged,  the  barium-filled 
esophagus  will  be  pushed  back  from  this  expanded  heart  chamber. 
This  examination  is  particularly  useful  in  people  who  have  had 
bouts  of  rheumatic  fever,  in  which  the  heart  has  been  affected. 
This  type  of  examination  may  confirm  such  a  finding. 

The  widespread  use  of  the  fluoroscopic  examination  has  greatly 
advanced  the  diagnosis  of  heart  disease,  introducing  into  the  field 
a  tool  which  permits  observation  with  scientific  accuracy.  This  is 
particularly  important  in  view  of  the  progress  which  cardiac 
surgery  has  made.  Whereas  in  past  years  the  diagnosis  of  cardiac 
disease  might  have  had  only  academic  importance,  now  it 
becomes  vital  in  view  of  the  fact  that  there  are  surgical  methods 
and  capable  surgeons  who  will  make  use  of  this  diagnosis  for 
correction  of  the  heart  condition. 

This  very  same  patient,  however,  may  have  been  referred  to 
the  x-ray  office  from  his  family  doctor  with  the  problem  of 
differentiating  between  heart  disease  or  lung  cancer.  The  family 
doctor  may  have  detected  on  x-ray  examination  that  there  was  a 
large  density  in  relation  to  the  heart  border.  He  may  have  been 
unable  to  determine  whether  or  not  this  large  density  represented 
an  abnormal  protrusion  from  the  heart  or  whether  it  represented 
a  cancer  of  the  lung.  In  addition,  such  a  density  may  represent 
widening  of  the  aorta  or  enlargement  of  several  large  glands  in 
the  central  compartment  of  the  chest. 

The  patient,  then,  is  being  fluoroscoped  to  see  whether  or  not 
this  large  protruding  density,  in  relation  to  the  heart  shadow, 
actually  expands  and  contracts  Hke  the  heart  or  whether  it  remains 
nonexpansive  as  one  would  imagine  a  cancer  or  an  enlarged  gland 
would  remain.  This  examination  is  of  vital  importance  because  if 
it  is  a  cancer  the  patient  will  need  thoracic  surgery.  If  it  is  not  a 
cancer,  then  the  heart  may  have  to  be  assessed  and  evaluated  for 
a  totally  different  kind  of  medical  treatment.  In  the  fluoroscopic 
room  the  x-ray  beam  is  focussed  on  this  density.  An  important 
step  in  determining  the  nature  of  the  disease  is  made. 

On  the  other  hand,  this  patient  may  be  referred  because  of  some 
digestive  difficulty.  He  may  have  complained  to  his  physician  of 
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pain  and  discomfort  in  the  stomach.  It  may  be  that  an  empty 
stomach  gives  him  considerable  difficulty  or  he  may  have  reported 
vomiting.  In  any  case,  the  trouble  appears  to  lie  somewhere  in  the 
upper  digestive  tract  and  the  patient  is  referred  to  the  x-ray  office 
for  examination  of  this  portion  of  the  body.  The  patient  has 
appeared  without  having  had  breakfast  so  that  his  stomach  is 
empty  for  good  visualization.  He  stands  in  the  darkened  room, 
behind  the  fluoroscopic  screen,  holding  a  glass  of  barium  sulphate, 
this  mixture  which  casts  a  dense  shadow.  Under  the  radiologist's 
instructions  he  drinks  a  mouthful.  As  the  patient  swallows,  the 
radiologist  is  enabled  to  see  the  esophagus,  the  tube  which  con- 
nects the  mouth  and  the  stomach.  He  looks  at  it  for  evidence  of  an 
obstruction  or  inflammation  which  may  be  responsible  for 
vomiting,  looks  for  possible  ulcers  and,  of  course,  for  cancer.  The 
patient  may  have  a  plug  of  meat  or  other  food  substance  which  is 
holding  up  the  normal  passage  of  food.  The  esophagus,  in  its  last 
portion,  may  have  herniated,  meaning  that  it  has  moved  up  into 
the  chest  with  a  portion  of  attached  stomach  and  this  possibility 
also  is  investigated. 

Before  the  radiologist's  eye,  as  the  patient  continues  to  drink 
barium  standing  there  in  the  dark  behind  the  screen,  there 
appears  a  picture  of  the  patient's  stomach,  showing  the  shape, 
position  and  functioning  of  this  organ.  Previously  in  order  to 
visualize  the  stomach  in  the  living  person,  a  surgeon  would  have 
had  to  make  an  opening  in  the  abdomen  and  to  have  exposed  the 
stomach  for  examination.  Here  the  patient,  in  health  or  disease, 
without  the  risk  of  surgery,  has  his  stomach  shown  in  a  painless 
and  accurate  way.  The  dense  substance  in  the  stomach  permits 
the  radiologist  to  see  whether  there  are  abnormalities  of  function, 
whether  the  stomach  is  contracting  the  way  it  ought  to,  whether 
its  shape,  size,  and  position  are  within  normal  limits.  He  looks 
very  carefully  for  ulceration  in  the  patient  who  complains  of 
severe  pain,  occasional  vomiting,  and  considerable  stomach  dis- 
tress. He  looks  for  the  earliest  possible  signs  of  cancer  of  the 
stomach:  a  little  hardening,  a  little  rigidity,  some  stiffness,  any 
irregularity  or  abnormal  positioning.  These  are  the  early  signs  of 
cancer  of  the  stomach.  In  the  event  that  such  signs  are  found  and 
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confirmed  by  x-ray  pictures,  the  patient  is  referred  immediately 
to  the  surgeon  for  removal  of  the  cancer  as  soon  as  possible. 

As  the  patient's  stomach  rhythmically  contracts  and  expands, 
working  on  this  artificial  meal  that  he  has  just  swallowed,  little 
squirts  of  this  barium  sulphate  pass  from  the  stomach  into  the 
first  portion  of  the  small  intestine.  This  first  portion,  known  as  the 
duodenum,  has  at  its  beginning  a  little  triangular  area  known  as 
the  cap  or  bulb  of  the  duodenum.  It  is  in  this  area  that  85  to  90% 
of  ulcers  occur.  In  our  modern  society  this  disease  has  such  a 
high  occurrence  rate  that  special  methods  are  used  to  examine 
and  look  at  this  particular  segment  of  the  intestinal  tract.  For  a 
patient  who  has  the  characteristic  history  of  discomfort  on  an 
empty  stomach  and  pain  relieved  by  food  and  medication,  this 
area  is  especially  suspected.  As  the  barium  flows  into  it,  the  radi- 
ologist examines  it  very  carefully  for  outline,  contour,  function, 
and  deformity — looking  for  an  ulcer  crater. 

There  are  those  patients  whose  complaints  lie  in  the  lower  portion 
of  the  abdomen.  For  such  a  complaint  and  such  an  examination, 
the  patient  lies  in  the  dark  fluoroscopic  room  on  his  back,  under- 
neath the  fluoroscopic  screen.  When  the  radiologist  excites  the  x-ray 
tube  bringing  the  abdomen  into  relief  on  the  screen,  the  opaque 
material,  again  barium  sulphate,  is  introduced  via  the  rectum, 
as  an  enema.  The  opaque  column  is  seen  filling  first  the  rectum 
and  then  the  colon  itself,  extending  from  the  rectum  around  the 
abdomen,  ending  in  the  lower  right  side  at  the  cecum  and 
appendix.  Before  the  introduction  of  this  barium,  the  abdomen 
is  only  a  series  of  vague  shadows.  With  the  introduction  of  this 
opaque  material,  the  colon  itself  comes  before  the  eye.  The 
observer  is  able  to  see  this  internal  organ  in  its  normal  state  of 
contraction  and  movement  or  in  a  diseased  state,  without  the  aid 
of  a  surgical  opening. 

It  may  be,  for  example,  that  there  is  a  kinking  or  stoppage 
somewhere  along  this  colon,  preventing  the  patient  from  com- 
pleting his  bowel  movement  satisfactorily.  The  introduction  of 
this  opaque  material  from  below  will  show  the  exact  site  of  this 
obstruction  since  the  barium  column  will  progress  in  the  colon 
until  it  strikes  the  point  of  closure  or  partial  closure.  The  radi- 
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ologist,  observing  this,  will  be  able  to  report  to  the  surgeon  that  he 
must  enter  the  abdomen  at  such  a  point  in  order  to  relieve  the 
condition.  More  than  this,  the  fluoroscopic  examination  may  re- 
veal the  reason  why  the  colon  is  narrowed  at  a  given  point.  If,  for 
example,  there  is  a  rigid,  irregular,  unyielding  defect  in  the  colon, 
which  remains  outlined  in  the  same  shape  no  matter  how  the 
radiologist  manipulates  the  colon,  the  probability  is  strong  that  the 
patient  has  a  cancer  of  the  colon  and  may  require  the  removal  of 
a  portion  of  his  colon.  There  are  other  causes  of  obstruction  or 
narrowing  of  the  colon  such  as  inflammation  and  adhesions. 

Or  perhaps  the  patient  may  complain  of  diarrhea,  occasionally 
streaked  with  blood.  As  the  opaque  material  is  introduced  from 
below  in  such  a  person,  the  barium  is  seen  to  move  with  remark- 
able rapidity  from  the  rectum  around  the  length  of  the  colon.  The 
observer  has  the  actual  feeling  that  the  inside  of  the  colon  is  red, 
inflamed  and  angry  and  will  not  tolerate  a  slowly  moving  column 
of  barium  but  instead  propels  it  in  the  same  way  that  it  propels 
the  stool  outward,  producing  his  diarrhea. 

The  patient  may  be  a  child  whose  parents  complain  that  he  has 
not  had  a  bowel  movement  in  several  days  and  is  beginning  to 
vomit.  On  watching  the  barium  sulphate  travel  through  the 
child's  colon  a  curious  defect  may  be  observed.  It  looks  as  though 
the  colon  had  sleeved  in  on  an  outer  sleeve,  producing  a  double 
segment  of  colon  with  obstruction  and  narrowing  and  this  indeed 
is  the  case.  As  so  often  happens  in  this  case,  the  heavy  barium 
meal  may  free  the  colon  and  cure  the  condition. 

What  of  appendicitis — can  the  fluoroscope  help  in  diagnosing 
this  very  common  and  ordinary  condition  ?  Can  we  determine  by 
doing  a  barium  enema,  as  this  examination  is  known,  the  possi- 
bility or  likelihood  of  appendicitis  ?  Appendicitis  diagnosis  is  not 
really  helped  by  such  a  procedure.  The  appendix  is  so  small  that 
it  is  difficult  to  pass  barium  into  it  and  observe  whether  or  not 
there  are  any  abnormal  changes  within  this  organ.  If  the  appendix 
does  show  barium  content,  and  if  it  is  located  by  this  means,  it 
may  well  be  that  valuable  information  may  be  obtained  by 
pressing  directly  on  it,  while  watching  it  through  the  fluoroscope. 
It  may  be  possible  to  reproduce  the  pain  of  the  patient  by  this 
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pressure  and  therefore  to  say  that  he  has  probably  got  an  inflamed 
appendix.  But  the  examining  physician  with  laboratory  tests  is 
usually  better  able  to  recognize  it  than  is  the  radiologist  observing 
the  passage  of  barium. 

The  fluoroscopic  method  has  also  been  employed  in  many  other 
areas  of  the  body,  including  the  extremities  during  the  setting  of 
fractures.  The  tendency  at  the  present  time  is  to  minimize  these 
uses  of  fluoroscopy  in  view  of  the  possibilities  of  overexposure. 
There  is  no  doubt  that  fluoroscopy  may  subject  both  patient  and 
doctor  to  considerable  amounts  of  radiation.  As  the  primary 
x-ray  beam  traverses  the  patient's  body,  it  generates  large  quanti- 
ties of  secondary  radiation.  These  secondary  radiations  proceed  in 
all  directions  and  it  is  most  difficult  to  plan  adequate  safeguards 
against  them.  For  this  reason  fluoroscopy  should  be  performed 
only  by  experts  in  the  field  who  are  aware  of  the  hazards  of  the 
procedure  and  are  also  proficient  in  extracting  maximum 
diagnostic  value  from  the  examination. 

There  are  many  diagnostic  problems  that  can  only  be  solved  by 
a  fluoroscopic  examination.  With  proper  safeguards  and  in 
experienced  hands  the  patient  should  not  shrink  from  undergoing 
this  procedure. 


CHAPTER  6 

SHADOW  PICTURES 


In  contrast  to  the  fluoroscopic  method,  which  concentrates  on 
seeing  body  function  in  motion,  radiography  attempts  to  capture 
some  aspect  of  the  body  on  a  film  with  as  great  detail  and  clarity 
as  is  possible.  Much  the  greatest  volume  of  the  work  of  an  x-ray 
department  is  concerned  with  exposing,  processing  and  inter- 
preting these  two-dimensional  films. 

THE  SKELETON 

Perhaps  the  most  obvious  thing  in  x-ray  is  a  fracture  or  broken 
bone.  The  extreme  density  of  bone  causes  a  contrast  of  black  and 
white  that  makes  the  perception  of  a  bone  among  the  clearest 
shown  on  x-ray  films.  If  the  outline  of  the  bone  is  interrupted,  a 
diagnosis  of  fracture  may  easily  be  made.  There  are  variations, 
however,  within  which  certain  fractures  may  be  difficult  to  diag- 
nose. The  nasal  bone  is  small  and  a  minute  fracture  in  it  may  be 
almost  imperceptible.  On  occasion,  other  fractures  are  demon- 
strated only  by  numerous  films  taken  at  different  angles  with 
varying  techniques.  Normal  bone  markings,  such  as  the  grooves 
for  the  blood  vessels  that  traverse  bony  structures,  are  occasionally 
mistaken  for  fractures. 

X-rays  not  only  diagnose  fractures  but  provide  a  continuing 
method  of  checking  on  the  progress  of  the  healing.  Subsequent 
films  are  made  directly  through  the  overlying  plaster  encasing  the 
fracture,  in  order  to  make  sure  that  the  corrected  positioning  is 
maintained. 

In  normal  bone,  the  outer  portion  is  a  dense  white  as  shown  on 
the  x-ray  film.  The  inner  and  central  portion  of  the  bone  is 
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grayer,  showing  the  dehcate  arborizing  structure  or  framework  on 
which  the  bone  is  based  and  into  which  calcium  is  deposited. 
Numerous  diseases  of  bone  show  extremely  well  on  film  by  their 
departure  from  this  normal  structure.  The  characteristic  sunburst 
effect  of  a  bone  cancer,  with  its  radiating  spicules  resembUng  the 
sun's  rays,  is  a  dreaded  sign  to  the  informed  observer.  Inflamma- 
tion, such  as  osteomyelitis,  which  may  travel  to  the  bone  from  an 
abscess  elsewhere  in  the  body  and  produce  multiple  abscesses 
throughout  the  skeleton,  throws  a  characteristic  shadow  on  the 
film.  The  normal  structure  of  the  bone  is  interrupted  and  numer- 
ous defects  resembling  holes  are  seen  with  associated  characteristic 
changes.  Fortunately  the  outlook  of  this  condition  has  altered 
favorably  in  recent  years  with  the  use  of  specific  mycin  drugs. 

The  x-ray  film  readily  reveals  congenital  deformities.  In  these 
conditions,  the  child  is  born  with  some  curious  malformation  of 
the  bone  which  can  be  demonstrated  on  film.  We  are  all  familiar 
with  the  dwarf  whose  trunk  resembles  that  of  an  adult  but  whose 
arms  and  legs  are  short,  out  of  proportion  to  the  head  and  trunk. 
On  x-ray  films,  the  structural  defect  becomes  obvious.  Then  there 
is  the  person  who  has  severe  radiating  pain  down  both  arms  with 
occasional  periods  of  complete  disability.  X-ray  examination 
shows  extra  ribs  at  the  junction  of  neck  and  chest.  It  is  the  pressure 
of  these  extra  ribs  on  the  nerves  radiating  down  the  arms  which 
is  causing  the  intense  disability.  A  young  baby  may  be  carried  in 
by  its  worried  parents  because  they  have  noticed  that  their  child 
has  difficulty  in  walking.  X-ray  examination  may  reveal  a  con- 
genital defect  of  one  or  possibly  both  hip  joints.  The  net  result  of 
these  defects  is  dislocation  of  the  affected  joint.  This  finding  is 
particularly  important  because,  if  it  is  remedied  in  babyhood,  the 
child  may  expect  normal  development  later  on  in  life.  However, 
if  this  condition  goes  unnoted,  there  may  be  permanent  cripphng 
of  the  child's  lower  extremities. 

A  dislocation  is  also  a  fairly  obvious  type  of  defect,  as  shown  on 
films.  Dislocations  involve  the  separation  of  the  bones  making  up 
a  joint.  This  may  be  relatively  simple,  as  in  one  of  the  small  joints 
of  the  fingers.  In  such  an  area  relatively  simple  manipulation  will 
restore  the  normal  joint.  They  may  also  occur  in  more  difficult 


Fig.  1 8. — X-rays  show  extensive  fractures  of  the  femur,  tibia,  ^nd  fibula  caused 
by  an  automobile  accident. 


Fig.  19. — X-ray  showing  a  fracture  of  the  neck  of  the  femur  (A)  repaired  by 
nailing  (B). 
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sites,  such  as  the  jaw.  The  appearance  of  a  patient  who  has  dis- 
located his  jaw  in  the  middle  of  a  hearty  laugh  is  unforgettable. 
X-rays  are  always  made  even  though  the  dislocation  is  obvious, 
to  make  sure  that  an  associated  fracture  is  not  overlooked. 

The  crippling  effects  of  arthritis  are  shown  plainly  on  x-ray 
films.  These  may  range  from  the  swollen,  stiffened  fingers  so  often 
found  in  people  working  in  the  needle  trades,  to  the  osteoarthritis 
of  the  hip  that  may  cripple  a  ballet  dancer.  Not  only  is  the  disease 
revealed  but  the  extent  of  involvement  is  also  demonstrated  and 
it  may  be  possible  to  forecast  the  future  course  of  the  disease 
process  as  well  as  estimate  the  extent  of  present  disability. 

THE  LUNGS 

Physicians  who  specialize  in  chest  disease  have  largely  come  to 
depend  on  seeing  the  chest  x-ray  rather  than  on  finding  the  disease 
by  other  methods.  In  the  past,  one  tapped  on  the  chest,  listened 
to  it,  felt  it,  and  depended  on  these  methods  for  localizing  and 
determining  the  type  of  the  disease.  To  a  significant  degree,  this 
method  has  been  replaced  by  x-ray  films.  The  other  tests  are  still 
in  use  and  are  useful  as  confirmation  and  as  augmented  tests  but 
certainly  do  not  compare  in  importance  to  the  actual  picture  of 
the  lungs. 

The  lungs,  on  an  x-ray  film,  look  dark  gray  to  black.  This  is  due 
to  the  large  amount  of  air  which  is  contained  within  the  normal 
lung  and  the  ease  with  which  the  x-ray  will  penetrate  this  air  and 
record  on  the  underlying  x-ray  film.  This  penetrability  is  in 
marked  contrast  to  the  heavier  resistance  encountered  when  the 
rays  strike  the  heart  and  the  ribs,  setting  off  the  dark  color  of  the 
lungs  with  dramatic  contrast  on  an  x-ray  film.  The  degree  of 
contrast  depends  on  many  factors,  perhaps  the  principal  one  of 
which  is  the  technique  with  which  the  film  is  taken  and  developed. 
The  amount  of  air  contained  in  the  lungs  is  another  important 
factor. 

With  the  baby's  first  cry,  the  lung,  which  had  been  a  solid 
structure  with  no  need  to  contain  air,  suddenly  expands,  filling 
with   air,    becoming   the   dark-looking  structure  seen   on  x-ray 
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examination.  Because  of  the  large  amount  of  air  and  because  of 
the  surrounding  denser  tissue,  it  becomes  possible  to  recognize 
minute  evidences  of  disease,  which  would  escape  notice  in  denser 
structures. 

In  this  connection,  the  first  evidence  of  pulmonary  tuberculosis 
is  a  faint  mottUng  seen  within  the  gray  shadow  of  the  lung.  This 
faint  shadow,  if  it  were  in  bone  or  in  heart  or  in  liver,  would 
undoubtedly  escape  notice.  It  is  possible,  however,  to  see  and  to 
diagnose  early  lung  lesions  because  of  this  contrast.  Thousands 
and  thousands  of  persons  have  their  chest  x-rayed  on  surveys 
throughout  the  nation  in  the  search  for  pulmonary  tuberculosis. 
On  a  predictable  percentage  of  these  chest  films,  the  medical 
observer  will  see  a  small  area  of  increased  density.  The  patient 
whose  lungs  show  this  finding,  sometimes  referred  to  as  a  spot  on 
the  lung,  will  then  be  recalled  for  additional  studies.  In  most 
instances  this  spot  will  turn  out  to  be  an  evidence  of  old  disease, 
healed  by  scarring.  In  an  appreciable  number,  however,  it  will 
represent  an  early  active  tuberculosis.  By  finding  the  lesion  on 
the  x-ray  film  and  giving  appropriate  treatment,  we  are  able  to 
halt  the  progress  of  the  disease  in  this  patient  and  also  to  prevent 
infection  in  others.  The  advanced  cases  of  tuberculosis  become 
self-diagnostic  on  x-ray  examination,  with  their  large  cavities  and 
extensive  involvement. 

One  of  the  most  dramatic  lung  complications  involves  collapse 
of  the  lung.  This  may  be  due  to  a  multitude  of  causes.  A  person 
may  be  walking  along  the  street,  perfectly  at  ease  with  no  par- 
ticular stress,  and  suddenly  experience  an  intense  sharp  stabbing 
pain  in  the  side  of  the  chest.  Upon  his  being  x-rayed,  the  lung  on 
that  side  is  seen  to  have  collapsed;  this  condition  is  called  a 
pneumothorax.  Free  air  is  seen  within  the  chest  space.  The  lung 
tissue  itself  has  become  compressed  as  it  was  before  birth.  It  is  also 
of  interest  to  note  how  the  lung  looks  when  it  reverts  to  its  solid 
state  and  to  reahze  how  much  easier  it  is  to  see  disease  with  the 
lung  expanded. 

On  occasion  a  child  may  be  brought  in  with  a  history  of  having 
inhaled  a  marble  or  peanut  or  whistle.  The  examination  of  the 
chest  is  to  find  out  if  this  object  is  in  the  lung  and  if  so  at  what 


Fig.  20. — Crippling  rheumatoid  arthritis  of  the  fingers  (A)  and  wrist  (B). 


Fig.  21. — The  normal  chest,  showing  the  central  position  of  the  heart  (A),  the 
transverse  rib  shadows  (B),  and  the  dark  lung  areas  (C). 
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point  it  may  be.  What  the  child  has  inhaled  may  not  be  dense 
enough  to  show  itself  on  an  x-ray  film;  a  peanut  is  such  an  object, 
casting  no  appreciable  shadow,  but  not  a  marble.  In  the  event 
that  a  peanut  has  been  inhaled  and  blocks  a  portion  of  the  lung, 
its  location  will  become  apparent  because  of  the  indirect  evidences 
of  blockage  rather  than  by  seeing  the  peanut  itself.  The  lung 
which  is  blocked  will  collapse  on  the  far  side  of  the  peanut  after 
the  air  in  it  has  been  used  up  and  this  collapsed  lung  will  contrast 
with  the  aerated  opposite  lung. 

Another  dramatic  and  striking  evidence  of  disease  seen  in  the 
chest  is  fluid  content,  water  of  a  particular  type,  developing 
within  the  chest  cavity  or  cavities,  usually  as  a  result  of  pleurisy. 
This  water  or  fluid  pours  out  as  a  response  to  the  irritation  of  the 
lung  or  of  the  pleura,  the  lining  envelope  of  the  lungs.  On  an 
x-ray,  this  fluid  casts  a  heavy,  that  is  to  say  dense,  white  shadow 
in  the  lower  portion  of  the  lung.  The  fluid  level  is  higher  out  at 
the  chest  wall  than  it  is  toward  the  mid  line.  This  characteristic 
fluid  curve  is  due  to  surface  tension  and  capillary  action.  It  is 
sufficiently  accurate  for  localization  that  the  physician  may  be 
guided  by  the  x-ray  film  to  insert  a  needle  and  drain  the  fluid. 

One  of  the  most  important  and  significant  findings  is  cancer  of 
the  lung,  which  has  unfortunately  become  so  much  more  prevalent 
in  these  times.  In  past  years,  finding  a  shadow  in  the  lung  did  not 
immediately  prompt  the  medical  observer  to  consider  cancer.  At 
the  present  time,  however,  in  adults,  the  first  thought  raised  by 
such  a  shadow  is  that  of  a  possible  cancer  of  the  lung.  This 
possibility  is  especially  strong  if  the  patient  is  a  male  over  40  and 
if  he  is  a  heavy  smoker.  Not  that  cancer  of  the  lung  may  not 
develop  in  women  who  do  not  smoke ;  but  the  statistical  emphasis 
now  is  on  smokers.  There  are  various  signs  of  cancer  of  the  lung 
and,  since  early  surgery  is  the  only  hope  of  helping  the  patient,  a 
heavy  responsibility  rests  on  the  observing  doctor.  He  is  usually  a 
radiologist,  attempting  to  determine  whether  or  not  the  shadows 
that  he  sees  represent  the  earliest  signs  of  cancer  of  the  lung.  In 
many  instances,  it  is  not  possible  to  be  definitive  early  in  the 
disease.  The  doctor  has  to  depend  on  the  suggestion  shown  by  the 
x-ray  plus  the  complaint  and  history  that  the  patient  gives.  In 


52  THE  X-RAY  STORY 

advanced  cases,  however,  the  tumor  is  characteristic  in  the  kind  of 
shadow  it  casts  and  in  the  kind  of  indirect  evidence  of  pressure 
that  it  shows.  The  tumor  tissue  is  soUd  in  contrast  to  normal 
inflated  lung  tissue  and  casts  a  heavy  white  shadow  similar  in 
density  to  that  of  the  heart,  liver  or  spleen.  This  stands  out  in 
striking  contrast  to  the  normal  darker  lung  tissue. 

A  frequent  and  no  longer  surprising  finding  is  an  extensive  and 
dense  shadow  in  the  lung  in  a  patient  who  says  that  for  the  past 
two  weeks  he  had  been  feeling  tired,  run  down,  with  an  occasional 
chill  and  sometimes  a  low-grade  fever.  This  finding  of  pneumonia, 
due  to  virus  infection,  had  become  quite  frequent.  On  the  x-ray 
film,  the  normal  dark  gray  to  black  lung  tissue  is  replaced  in  some 
segments  by  this  heavy  white  dense  shadow  or  clouding,  which 
may  extend  to  a  greater  or  lesser  degree.  This  density  demon- 
strates the  part  of  the  lung  which  is  involved  in  the  pneumonia. 
It  represents  a  portion  of  the  lung  which  is  practically  airless  and 
which  has  filled  with  white  blood  cells  and  micro-organisms.  In 
this  area,  the  inevitable  battle  is  being  fought  between  the  body's 
resources  plus  medication  versus  the  invading  micro-organisms. 

The  more  serious  types  of  pneumonia,  including  broncho- 
pneumonia and  lobar  pneumonia,  will  also  show  in  their  charac- 
teristic fashion  and  the  diagnosis  of  pneumonia  is  made  by  x-ray 
film.  However,  a  person  suffering  with  a  dry  hacking  cough  due 
to  bronchitis  or  inflammation  of  the  upper  part  of  the  breathing 
apparatus  may  show  little  or  nothing  on  an  x-ray  film. 

THE  HEART 

The  heart  casts  a  dense  white  shadow  lying  between  both  lungs 
in  the  center  of  the  chest  with  its  lower  portion  extending  over  to 
the  left  of  the  mid  line.  Because  of  its  muscular  character  and 
because  of  its  blood  content,  its  shadow  almost  equals  in  density 
that  of  the  ribs  of  the  chest.  The  heart  is  in  motion  and  in  order  to 
catch  it  in  a  stationary  position  the  x-ray  exposures  must  be  as  brief 
as  I /id  to  1/60  of  a  second.  Over  these  intervals  the  silhouette 
of  the  heart  is  sharply  demarcated,  without  the  blurring  which 
might  be  associated  with  motion  if  the  exposure  time  were  slower. 
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Perhaps  the  most  dramatic  x-ray  finding  in  disease  of  the  heart 
has  to  do  with  its  enlargement.  On  occasion  the  heart  will  be 
shown  to  fill  a  large  portion  of  the  chest  cavity,  particularly  on  the 
left  side.  The  interpretation  of  heart  disease  from  x-ray  films  has 
become  a  very  complex  art.  It  is  now  possible  not  only  to  deter- 
mine that  the  heart  is  enlarged  but  to  correlate  this  enlargement 
with  the  chambers  of  the  heart.  One  may  now  say  which  chamber 
or  chambers  have  become  enlarged.  It  is  this  localized  enlarge- 
ment that  is  sought  on  x-ray  films.  This  localization  results  from 
the  mechanical  arrangement  within  the  heart.  When  the  valve 
between  two  chambers  of  the  heart  is  obstructed  there  will  be 
consequent  muscle  enlargement  to  overcome  this  narrowing.  It 
is  possible  to  deduce  from  the  enlarged  chambers  what  the  probable 
disease  underlying  this  enlargement  will  be. 

On  occasion,  this  enlargement  will  be  due  not  to  narrowing  of 
the  valves  between  chambers  but  rather  to  resistance  en- 
countered by  blood  flow  over  the  body  as  a  whole,  requiring  an 
increase  in  blood  pressure.  This  increased  resistance  to  blood  flow 
must  be  overcome  by  an  increased  muscular  action  of  the  heart. 
In  these  cases  the  heart  tends  to  enlarge  and  produce  the  high 
blood  pressure  necessary  to  insure  an  adequate  circulation. 

One  of  the  most  common  diseases  of  the  heart  stems  from  a 
condition  called  rheumatic  fever.  This  condition  produces,  usually 
in  a  young  person,  fever,  sore  throat  and  pains  in  the  joints,  which 
may  be  followed,  subsequently,  by  an  effect  upon  the  heart.  This 
effect  usually  takes  the  form  of  narrowing  of  one  of  the  valves  of 
the  heart,  producing  a  characteristic  shape  and  formation  of  the 
organ.  Among  the  effects  is  distention  and  enlargement  of  the  left 
atrium,  one  of  the  chambers  of  the  heart.  This  chamber,  located 
in  the  back  of  the  heart,  is  difficult  to  see  on  ordinary  views.  As 
was  previously  explained,  a  swallow  of  barium  sulphate  will  aid 
in  establishing  this  finding. 

Another  large  and  significant  grouping  in  cardiac  disease  has  to 
do  with  a  heart  having  a  congenitally  faulty  construction.  The 
child  may  be  born  without  any  disease  process  but  with  a  poorly 
formed  heart.  There  are  innumerable  varieties  of  congenital 
deformity.  If  they  are  severe  enough  the  baby  will  show  a  blue 
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coloration  over  its  entire  body  resulting  from  faulty  circulation  of 
the  blood  through  the  body.  These  malformations,  previously 
considered  more  as  medical  curiosities,  have  shown  considerable 
importance  at  the  present  time,  chiefly  because  of  the  wonderful 
advances  in  cardiac  surgery.  At  the  present  time,  if  an  accurate 
diagnosis  of  the  cause  of  the  blue  coloration  or  heart  defect  is 
determined  by  x-ray  and  other  methods,  the  surgeon  then  will 
open  the  chest  and  attempt  to  correct  the  condition.  He  may,  in 
an  appreciable  number  of  cases,  so  correct  the  condition  that  the 
child  is  transformed  from  a  cardiac  cripple  with  a  shortened  life 
expectancy  to  a  person  who  will  pass  through  life  without  recourse 
to  heart  treatment. 

One  of  the  most  dramatic  heart  conditions,  popularized  by  the 
press  since  President  Eisenhower's  attack,  is  coronary  heart 
disease.  Although  in  this  condition  death  may  be  a  sudden  tragic 
outcome,  the  x-ray  findings  in  the  immediate  stages  are  dis- 
appointing, usually  failing  to  show  more  than  slight  heart 
enlargement,  if  that.  Following  the  attack,  however,  there  may  be 
some  residual  defect  left  in  the  heart  which  can  be  detected. 

Another  most  useful  application  of  x-ray  methods  is  in  the 
diagnosis  of  heart  failure.  When  there  is  heart  failure,  its  degree 
and  extent,  as  well  as  the  progress  and  reaction  to  treatment,  are 
derived  from  continued  x-ray  studies.  In  the  heart  which  is 
insufficiently  strong  to  carry  out  its  duties,  the  lungs  will  show 
what  are  described  as  congestive  changes,  becoming  partially 
waterlogged  and  showing  a  characteristic  mottled  appearance  on 
the  chest  x-ray.  In  addition  to  this  waterlogging  or  congestion,  the 
heart  will  usually  demonstrate  enlargement.  A  combination  of  an 
enlarged  heart  and  waterlogging  of  the  lungs  is  usually  sufficient 
indication  for  a  diagnosis  of  congestive  heart  failure  and  for  the 
institution  of  corrective  measures. 

On  occasion,  the  heart  is  made  a  prisoner  by  its  containing  en- 
velope, called  the  pericardium.  This  pericardium  may  thicken  and 
calcify  because  of  a  disease  process,  containing  the  heart  within  a 
stony  chamber.  Such  a  heart  cannot  expand  and  beat  in  the 
normal  way.  This  condition  will  show  in  a  most  dramatic  fashion 
on  an  x-ray  film,  demonstrating  the  stone  or  calcium  deposited  in 


Fig.  22. — The  right  knee  showing  the  characteristics  of  osteoarthritis. 


Fig.  23. — Calcification  (A)  in  the  radial  artery  and  fracture  (B)  of  the  radius. 
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the  cardiac  envelope,  containing  the  heart  within  a  Hmestone 
chamber. 

Cancer  of  the  heart  is  extremely  rare  but  on  occasion  the  outline 
of  the  heart  may  be  distorted  by  an  irregular  protrusion,  indica- 
ting a  cardiac  tumor.  Occasionally,  again  a  most  unusual  occur- 
rence, a  tumor  arises  in  the  lung  and  invades  the  heart. 

Arising  from  the  left  ventricle  of  the  heart  is  the  largest  blood 
vessel  in  the  body,  called  the  aorta.  This  huge  blood  vessel  carries 
the  initial  surge  of  blood  as  it  begins  the  motion  which  carries  it 
to  the  skull  and  the  farthest  toe.  This  column  of  blood  contained 
in  the  aorta,  which  may  be  as  much  as  2  to  3  centimeters  wide, 
appears  as  a  hard  white  shadow  on  x-rays  because  of  the  opaque 
quality  of  blood. 

On  occasion,  this  large  vessel  may  produce  outpocketings, 
called  aneurysms.  These  may  be  due  to  changes  in  the  blood  vessel 
because  of  the  advance  of  years  or  they  may  be  due  to  syphilis,  a 
disease  which  has  a  special  predilection  for  affecting  this  vessel. 
The  syphilitic  aneurysms  have  a  dramatic  prognosis.  They  con- 
tinue to  expand  over  the  months  and  years  and  tend  to  erode  and 
destroy  the  overlying  tissue.  Aneurysms  have  been  known  to  erode 
the  muscle  and  rib  structures  overlying  them  until  only  a  paper- 
thin  layer  of  skin  interposes  between  the  pulsating,  distended, 
thinned  aorta  and  the  open  air  outside  the  chest.  On  an  x-ray 
examination  we  see  this  enormously  widened  aorta  and  the 
erosion  of  the  vertebrae  or  ribs,  with  the  ominous  thinning  of 
the  structures  before  the  advance  of  the  pulsating  column  of 
blood. 


THE  TEETH 

Modern  dentistry  has  become  completely  dependent  on  the 
diagnostic  uses  of  the  x-ray  beam.  Surveys  of  the  entire  mouth 
reveal  cavities  as  minute  beginnings,  long  before  they  become 
painful.  X-rays  are  also  employed  as  a  guide  in  the  extensive 
procedures  that  are  now  a  daily  part  of  the  practice  of 
dentistry. 
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THE  ABDOMEN  \ 

Obstruction 

Radiography  of  the  abdomen  may  be  associated  with  the 
urgency  of  emergency  surgery.  The  patient's  hfe  or  future  health, 
may  well  depend  upon  the  x-ray  finding  in  the  abdominal  cavity. 
For  example,  there  may  be  an  obstruction  in  some  portion  of  the 
intestinal  tract,  perhaps  purely  mechanical.  That  is  to  say,  the 
column  of  food  as  it  passes  down  from  the  stomach  to  the  rectum 
may  be  halted  at  some  point  because  of  an  obstacle  within  the 
alimentary  tract.  When  such  obstruction  occurs  it  halts  the  pas- 
sage of  the  waste  products.  These  waste  products  accumulate  with 
gradual  poisoning  of  the  sufferer.  The  patient  will  reach  a  point 
of  irreversibility  after  which  surgery  is  of  no  avail. 

Because  of  this  urgency  and  the  need  for  making  an  accurate 
diagnosis,  radiologists  are  especially  schooled  in  the  finding  of 
obstruction.  On  an  x-ray  film  the  intestines  above  the  level  of 
obstruction  will  show  an  enormous  volume  of  contained  gas  which 
cannot  pass,  and  the  intestine  below  will  be  completely  flattened 
and  empty.  The  presence  of  this  large  amount  of  air  above,  with 
nothing  below  it,  locates  an  obstruction.  On  occasion  the  medical' 
observer  may  be  able  to  indicate  to  the  surgeon  the  exact  point 
where  this  obstruction  may  be  found,  so  that  the  incision  into  the 
abdomen  will  correspond  with  the  disease  lying  in  that  particular 
region.  Obstruction  may  occur  in  hernia,  in  tumor  or  cancer 
disease,  in  association  with  adhesions,  and  in  many  other  condi- 
tions. In  each  of  these  instances  there  is  a  very  brief  time  to  make 
the  diagnosis  and  remedy  the  condition,  after  which  no  surgeon, 
however  clever,  can  favorably  affect  the  disease  and  effect  a  cure. 
Hence  the  need  for  early  x-ray  examination  and  careful  observa- 
tion of  the  films. 

Foreign  Bodies 

Another  interesting  aspect  of  x-rays  of  the  abdomen  lies  in  the 
finding  and  identification  of  foreign  bodies.  A  four-year-old  child 
was  admitted  to  one  of  the  larger  New  York  hospitals  recently 
after  having  swallowed  a  sardine-can  key.  An  x-ray  examination 
showed  the  key  in  its  stomach.  There  was  considerable  doubt  as 
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to  whether  this  key  would  be  able  to  pass  through  the  narrow 
opening  between  stomach  and  small  intestine.  However,  an  x-ray 
taken  two  days  later  showed  that  the  key  had  successfully  negoti- 
ated this  obstacle.  Then  it  was  doubted  as  to  whether  the  key 
would  negotiate  the  narrow  opening  between  the  small  intestine 
and  the  large  intestine  but  an  x-ray  two  days  later  showed  that  it 
was  successfully  within  the  larger  bowel.  Shortly  afterward  the  key 
was  recovered  from  the  stool  of  the  child.  Had  it  not  been  for 
these  x-rays,  such  a  child  might  well  have  been  operated  on  for 
fear  of  this  sharp  metal  object  piercing  the  intestines  and  pro- 
ducing a  dangerous  infection  or  peritonitis. 

These  foreign  objects  range  from  marbles  and  coins  to  hatpins 
and  every  conceivable  object.  An  entire  glass  has  been  demon- 
strated in  the  rectum.  The  patient,  an  alcoholic  person,  had  happily 
and  unknowingly  sat  down  upon  the  glass  and  encompassed  it 
within  his  rectum.  A  wTek  later  he  reported  to  his  doctor  that  he 
had  difficulty  on  moving  his  bowels.  An  x-ray  examination 
showed  the  cause,  the  glass  appearing  because  of  its  lead  content. 
In  this  case,  however,  had  the  glass  not  been  leaded,  there  would 
at  least  have  been  evidence  of  obstruction  of  the  colon  with 
distention  above  the  position  of  the  glass. 

Congenital  Imperfection 

A  child  may  be  born  with  the  rectum  incompletely  formed, 
without  the  normal  external  opening  on  the  skin  surface.  Inspec- 
tion reveals  just  a  dimple  on  the  skin  in  the  site  where  the  anus 
should  be.  The  surgeon,  faced  with  the  prospect  of  constructing 
an  opening  to  communicate  with  the  colon  underneath,  must 
learn  how  near  the  colon  comes  to  the  skin  dimple.  For  this 
purpose,  the  child  has  a  coin  taped  over  the  skin  dimple,  then  is 
held  upside  down  to  let  a  gas  bubble  rise  into  the  rectum  before 
an  x-ray  film  is  exposed.  The  distance  between  the  coin  and  the 
bubble  is  the  distance  that  the  surgeon  will  have  to  perforate.  On 
occasion  nothing  more  is  needed  than  the  touch  of  scalpel  to  skin, 
producing  a  through-and-through  puncture  and  a  ready-made 
anus.  Other  cases  require  considerable  dissection  and  the  con- 
struction of  a  rectum  and  anus. 
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T  he  Alimentary  Canal 

In  radiography  of  the  abdomen  aimed  at  diagnosing  possible 
intestinal  obstructions  and  at  locating  foreign  bodies  in  the  intes- 
tine or  abdominal  region,  it  is  necessary,  even  advantageous,  to 
have  the  ahmentary  canal  empty,  or  at  least  to  avoid  introducing 
anything  into  it.  But  to  get  good  roentgenograms  of  conditions 
involving  the  alimentary  canal  it  is  usually  necessary  to  have  the 
patient  take  a  meal  or  drink  containing  barium  sulphate,  an  inert 
material  opaque  to  the  x-ray.  The  first  swallow  and  the  first  film 
show  this  barium  meal  filling  the  back  of  the  throat  and  pharynx, 
outlining  the  various  small  pockets  at  the  base  of  the  tongue  and 
at  the  side  of  the  larynx,  and  proceeding  into  the  first  portion  of 
the  esophagus  or  swallowing  tube. 

Various  abnormalities  may  be  seen  in  this  very  first  portion  of 
the  alimentary  canal.  In  patients  who  suffer  from  a  nervous 
disease,  with  a  principal  focus  in  the  brain,  the  swallowing 
mechanism  is  frequently  upset.  Consequently  the  barium  meal  is 
seen  to  linger  in  the  pockets  around  the  base  of  the  tongue  and 
around  the  larynx  for  a  longer  interval  than  in  the  normal  person. 
On  occasion,  some  of  this  excess  barium  may  spill  over  and  enter 
the  breathing  passages  and  cause  violent  coughing,  spitting  and 
vomiting.  Sometimes  these  upper  passages  are  the  site  of  a  fish- 
bone or  of  some  other  foreign  body  which  has  lodged  there,  the 
location  of  which  is  demonstrated  on  these  films.  In  most  instances, 
however,  no  actual  foreign  body  is  found ;  the  patient  who  com- 
plains of  an  ingested  fishbone  is  really  complaining  of  a  scratch  or 
irritation  which  was  caused  by  the  bone  when  it  was  first 
swallowed.  The  irritation  heals  and  the  patient  recovers. 

On  occasion  this  barium  column  in  the  upper  portion  of  the 
alimentary  canal  is  seen  to  be  pushed  forward  by  a  shadow  shown 
just  in  front  of  the  spine  in  the  neck  region.  This  finding  is  indica- 
tive of  a  soft-tissue  swelling  or  mass  at  this  level.  This  mass  may 
be  an  abscess  or  possibly  a  tumor.  Finding  such  a  shadow  may 
save  a  life,  in  view  of  possible  closure  of  the  breathing  tube  or 
trachea  by  pressure  from  the  swelling.  Once  the  swelling  is 
located,  treatment  can  be  immediately  appUed. 


Fig.  24. — The  esophagus  is  outlined  by  being  filled  with  barium.     The  dis- 
placement of  the  esophagus  (shown  by  arrows)  indicates  heart  enlargement. 


Fig.  25. — X-rays  of  the  normal  nose  showing  the  easily  fractured  tip  of  the  nasal 
bone  (A)  and  the  nasal  spine  (B). 
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Radiography  of  the  esophagus  may  show  a  bulging  off  of 
several  small,  rounded  pockets.  These  pockets  are  called  diverti- 
culi  and  are  usually  congenital,  present  since  birth.  Sometimes, 
however,  fibrosis  in  the  lung  exerts  a  pull  on  the  esophagus  and 
stretches  the  tissue  to  make  the  pockets.  Such  acquired  diverticuli 
often  present  an  irregular  contour.  Both  kinds  of  diverticuli  fill 
with  barium  and  show  rounded  shadows  of  various  sizes.  Occasion- 
ally these  diverticuli  become  considerably  enlarged.  Such  enlarge- 
ments may  exert  sufficient  pressure  to  obstruct  the  lower  portion 
of  the  esophagus,  causing  considerable  distress  and  producing 
periodic  vomiting.  In  the  days  before  thoracic  surgery,  these 
diverticuli  were  a  considerable  nuisance ;  food  would  accumulate 
in  them,  form  obnoxious  gases  and  fermentation  products,  and 
cause  bad  breath. 

Sometimes  x-rays  of  the  esophagus  show  marked  narrowing 
with  gross  distention  above  the  point  of  narrowing.  This  picture 
frequently  represents  the  aftermath  of  having  swallowed  some 
strong  corrosive.  This  frequently  enacted  tragedy,  usually  in- 
volving a  child  and  an  easily  reached  bottle,  results  in  a  severely 
burnt  esophagus.  With  the  replacement  by  fibrous  scar  tissue,  the 
burnt  area  has  become  extremely  narrow  while  the  area  of  the 
esophagus  above  has  compensated  by  becoming  extremely  wide. 
After  the  location  of  this  narrowing  or  stricture  has  been  estab- 
lished, the  patient  will  have  to  undergo  periodic  esophageal  dila- 
tation by  graduated  instruments  to  allow  for  continued  swallow- 
ing. 

Another  disease  which  shows  narrowing  of  the  esophagus  is  an 
inflammatory  condition  called  esophagitis.  The  patient  may  be 
prone  to  highly  seasoned  food  or  may  have  drunk  too  much  of 
some  alocholic  beverage.  The  result  is  an  irritation  of  a  portion  of 
the  lining  of  the  esophagus.  On  x-ray  films,  there  is  only  moderate 
widening  of  the  esophagus  above  the  affected  segment.  The  area 
that  is  inflamed  is  narrowed,  thrown  into  folds,  and  shows  marked 
spasm. 

The  esophagus  may  show  a  narrowed,  rat-tail  appearance  with 
an  irregular  border  due  to  a  cancer.  The  patient  in  this  case 
almost  invariably  is  an  older  man,  extremely  thin  and  emaciated 
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and  giving  a  history  of  progressive  difficulty  in  swallowing.  On 
x-ray  examination  the  characteristic  shadow  of  a  hard,  irregular, 
inexorable  narrowing  of  the  esophagus  is  demonstrated  with  only 
slight  widening  of  the  esophagus  above  the  tumor ;  this  is  because 
the  tumor  has  grown  so  fast  that  the  esophagus  has  not  had  time 
to  dilate.  Such  a  condition  is  treated  by  surgery  or  by  x-ray 
therapy. 

The  lower  end  of  the  esophagus  normally  passes  through  a 
small  opening  in  the  left  diaphragm  into  the  abdomen  and 
connects  with  the  upper  portion  of  the  stomach.  When  this  small 
opening  in  the  left  diaphragm  is  widened,  the  patient's  esophagus 
may  rise  up  into  the  chest,  carrying  with  it  a  portion  of  the  stomach. 
Barium  fed  to  this  person  shows  the  stomach  and  the  lower 
esophagus  above  the  diaphragm.  As  much  as  half  the  stomach  may 
be  seen  in  the  chest,  with  consequent  pressure  on  the  heart. 
Such  a  person  may  have  symptoms  which  sound  exactly  like 
those  of  heart  disease.  He  will  usually  say  that  he  is  most  un- 
comfortable when  lying  down  after  eating. 

The  stomach  is  an  extremely  labile  organ,  constantly  changing 
its  shape.  It  is  responsive  to  the  emotional  status  of  the  individual 
and  may  reflect  the  condition  of  the  patient's  health.  This  organ, 
with  barium  sulphate  in  it,  appears  as  a  dense  white  shadow 
against  the  grays  and  blacks  of  the  chest  and  abdomen.  Beginning 
below  the  left  diaphragm,  it  extends  downward  and  to  the  right 
and  usually  terminates  in  the  right  side  of  the  abdomen  at  the 
pyloric  canal. 

A  barium  meal  reveals  the  contours  of  the  stomach.  Serial  films 
show  the  motion  and  peristaltic  contractions  which  drive  food 
through  the  stomach  into  the  small  intestines.  In  stomach  in- 
flammation or  gastritis,  the  Hning  folds  become  broader  and  the 
vaUeys  between  them  become  wider.  This  appearance  may  be 
shown  on  x-ray  films  as  a  series  of  thick,  black  parallel  linear 
streaks  coursing  down  the  length  of  the  stomach. 

Very  bizarre  patterns  may  be  seen  within  the  stomach.  Perhaps 
the  most  unusual  results  from  a  hair  ball,  an  accumulation  of 
long  hair  often  larger  than  a  baseball,  found  in  the  young  girl 
who  is  given  to  chewing  on  braids  and  swallowing  hair.  Barium 


SHADOW  PICTURES  6i 

in  the  interstices  of  this  hair  produces  the  abnormal  and  unusual 
picture  characteristic  of  this  condition.  Usually  these  hair 
balls  are  so  large  that  they  must  be  removed  by  opening  the 
stomach. 

A  projection  of  the  barium  shadow  extending  from  the  stomach 
wall  corresponds  to  an  ulcer  crater.  An  ulcer  is  no  more  than  an 
area  in  which  the  mucus  lining  of  the  stomach  has  been  eroded, 
making  a  little  crater  or  pit  which  the  barium  meal  fills,  producing 
the  projection. 

Usually  the  stomach  will  have  emptied  itself  in  five  hours. 
However,  when  there  is  an  obstruction  at  the  outlet  of  the  stomach 
barium  will  be  seen  remaining  sometimes  longer  than  24  hours. 
The  usual  obstruction  is  due  to  an  ulcer  but  the  obstruction  may 
be  due  to  cancer  obstructing  the  stomach.  Obstruction  of  the 
stomach  is  usually  an  indication  for  surgery,  at  which  time  the 
question  of  ulcer  or  tumor  is  solved. 

Cancer  of  the  stomach,  in  its  advanced  stages,  is  easily  recog- 
nized. The  normal  outline  of  the  stomach  disappears  and  in  its 
place  there  is  an  irregular  narrowing.  This  irregularity  of  the 
affected  portion  of  the  stomach  remains  constant  on  all  films  in- 
stead of  the  normal  contractility  and  motion  of  the  stomach  wall. 
Peristalsis  will  not  pass  through  this  rigid  area.  The  edge  may  be 
highly  irregular.  In  the  earlier  stages,  there  may  be  considerable 
difficulty  in  recognizing  the  cancer,  but  since  this  early  stage 
represents  the  time  when  treatment  will  be  most  effective,  every 
effort  must  be  made  to  arrive  at  an  early  diagnosis.  Minor,  less 
dramatic,  signs  will  have  to  be  considered  and  medical  judgment 
called  on  for  a  decision  if  this  vital  early  diagnosis  is  to  be  made. 

The  small  intestine  joins  the  stomach  via  the  pyloric  canal.  It 
then  proceeds  in  a  series  of  convoluted  loops  to  join  the  large 
bowel  at  the  lower  right  side  of  the  abdomen.  Through  its  course, 
the  small  intestine  varies  considerably  in  appearance  and  the 
successive  parts  may  be  identified  as  the  barium  passes  through 
them.  The  very  first  portion,  the  duodenal  bulb,  is  the  most 
frequent  site  for  ulcer  in  the  entire  alimentary  canal,  as  has 
been  mentioned.  An  active  ulcer  in  the  duodenum  looks  much 
like   a  stomach   ulcer.   A  healed   recurrent   duodenal   ulcer,    as 
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demonstrated  by  barium,  has  a  characteristic  "fir  tree"  appear- 
ance that  results  from  contracture  of  fibrous  scar  tissue. 

A  httle  further  along,  but  still  in  the  first  portion  of  the  small 
intestines,  Uttle  diverticuU  similar  to  those  described  in  the  esoph- 
agus are  seen  budding  off',  in  the  fashion  of  grapes.  These  are 
usually  without  clinical  importance.  The  remainder  of  the  small 
intestine,  also  revealed  by  the  passage  of  barium,  shows  a  frilly 
lacework-like  pattern  of  mucous  membranes.  It  is  subject  to  many 
diseases,  among  them  cancer,  inflammation,  obstruction,  and 
adhesions.  All  these  conditions  may  be  shown  by  barium  contrast 
films. 

The  small  intestine  ends  at  the  first  portion  of  the  colon,  the 
cecum.  Here  some  barium  may  enter  the  appendix,  as  was 
mentioned  in  connection  with  fluoroscopy. 

As  the  barium  passes  through  the  large  colon,  demonstrating 
the  contractions,  position,  and  general  appearance  and  function 
of  the  colon,  numerous  disease  processes  may  make  themselves 
apparent.  Inflammation  in  this  site,  called  colitis,  causes  the 
barium  meal  to  pass  quickly  through  the  colon.  Diverticuli  in  the 
lower  colon  may  cause  considerable  distress  and  disability  by 
becoming  inflamed,  with  spasm,  narrowing,  and  contracture  of 
the  colon  occasionally  associated  with  bleeding.  The  diverticuli 
may  on  occasion  be  associated  with  cancer. 

Hemorrhoids,  a  frequent  cause  of  distress  in  the  rectum,  are 
not  demonstrable  on  films  and  they  may  accordingly  be  present 
even  when  the  barium  in  the  rectum  appears  to  show  a  normal 
outline. 

Cancer  of  the  colon,  especially  of  the  lower  colon,  is  a  frequent 
finding  in  older  people.  Here,  as  the  barium  column  passes 
through  the  colon,  it  is  observed  to  become  narrow,  indented, 
irregular,  and  constant  and  rigid  in  its  form.  This  is  a  character- 
istic appearance  in  cancer  of  the  colon.  With  this  finding,  the 
patient  should  invariably  find  his  way  to  the  surgeon. 

Pregnancy 

Abdominal  radiography  may  be  done  during  pregnancy  to 
establish  the  position  and  number  of  babies  present.  In  addition 


Fig.  26. — X-rays  showing  a  needle  embedded  in  the  sole  of  a  child's  foot. 


Fig.  27. — X-ray   showing   a   large   screw  in   the   abdomen, 
swallowed  and  then  passed  in  the  stool  on  the  following  day. 


The   screw  was 
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measurements  are  made  on  the  films  in  order  to  ascertain  whether 
the  birth  may  be  allowed  to  proceed  naturally  or  whether  surgery 
may  have  to  be  employed  to  deliver  the  child.  Such  studies  are 
made  only  when  necessary  in  order  to  minimize  the  exposure  to 
both  mother  and  child.  A  relationship  of  full  confidence  is  neces- 
sary between  patient  and  doctor  in  this  connection.  Recently,  at 
a  large  New  York  hospital,  a  pregnant  woman  who  was  bleeding 
profusely  refused  x-ray  examination  because  of  fear  induced  by 
reading  material  she  had  come  across.  In  this  case,  with  a  positive 
threat  to  the  mother's  life,  x-ray  examination  would  have  been 
fully  justified. 


CHAPTER  7 

WHITE  ON  BLACK 


Many  organs  of  the  body  do  not  show  their  internal  structure 
on  x-ray  films  without  special  procedures.  For  example,  the 
stomach  was  just  a  faint  gray  shadow  until  the  idea  of  introducing 
barium  into  it  was  devised.  At  that  point,  x-ray  examination  of 
the  stomach  made  a  great  step  forward,  enabling  the  trained 
observer  to  see  evidence  of  ulcers,  cancer,  and  other  conditions. 
A  great  deal  of  effort  was  focused  on  finding  an  equally  suitable 
contrast  material  to  illuminate  other  organs. 

When  the  investigator  endeavors  to  better  visualize  an  organ 
by  rendering  it  dense  to  x-rays,  his  first  problem  is  finding  access 
to  the  organ.  With  the  stomach  this  is  easy  since  all  that  is  neces- 
sary to  place  something  in  the  stomach  is  to  have  the  patient 
swallow  barium.  But  if  one  should  wish  to  increase  the  density  of 
the  pancreas  there  is  no  such  easy  access ;  swallowed  food  does  not 
enter  the  pancreas.  The  problem  then  is  to  find  an  agent  which  will 
proceed  to  the  organ  by  physiological  processes.  When  such  an 
agent  is  found  it  may  be  compounded  with  a  dense  element  so 
that  after  being  swallowed  or  injected  it  will  reach  the  organ  and 
render  it  so  dense  that  on  x-ray  examination  it  will  show  clearly, 
reveahng  health  or  disease.  When  neither  of  these  methods  can  be 
used,  direct  injection  remains. 

THE  GALL  BLADDER 

To  render  the  gall  bladder  opaque  for  diagnostic  x-ray  requires 
some  material  that  will  be  concentrated  in  it  by  its  own  physio- 
logical activity.  Various  early  researchers  reported  finding  such 
substances,  but  not  entirely  satisfactory  ones.  The  first  pronounced 
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success  was  the  classic  work  of  Doctors  E.  A.  Graham  and  W.  H. 
Cole  in  1924.  They  were  able  to  show  the  gall  bladder  containing 
contrast  material  following  an  intravenous  injection.  Shortly 
afterwards  a  method  of  administering  the  contrast  material  by 
mouth  was  discovered.  This  gave  physicians  a  medical  tool  for 
gall-bladder  diagnosis,  representing  still  another  way  in  which 
x-rays  allow  looking  into  the  body  before  the  surgeon  must  be  called. 

The  gall-bladder  sufferer  usually  complains  of  discomfort 
following  the  eating  of  fatty  foods.  This  is  due  to  the  fact  that  the 
fat-digesting  substances  of  the  body  are  found  in  the  bile  which  is 
stored  in  the  gall  bladder.  Normally  when  one  eats  a  fried  egg, 
for  example,  a  reflex  mechanism  makes  the  gall  bladder  contract 
and  thus  release  bile  into  the  digestive  tract  to  digest  the  fatty 
food.  If  there  is  disease  of  the  gall  bladder  this  contraction  may  be 
uncomfortable  and  painful.  In  addition,  inadequate  bile  leads  to 
faulty  digestion  of  the  fat,  which  produces  flatulence  and  other 
discomfort. 

The  contrast  material  used  to  opacify  the  gall  bladder  will  not 
perform  this  task  if  the  gall  bladder  is  inflamed.  Since  the  symp- 
toms of  gall-bladder  disease  may  be  simulated  by  other  disease 
processes,  this  method  of  establishing  a  diagnosis  has  undoubtedly 
saved  many  patients  from  unnecessary  surgery. 

"Gallstones"  is  a  common  gall-bladder  ailment  but  is,  at  the 
same  time,  a  mystery  to  the  public.  People  wonder  how  stones  can 
get  into  the  gall  bladder.  The  truth  is  they  do  not  get  in — they 
are  formed  in  the  gall  bladder,  starting  from  small  collections  of 
mucus  and  working  up  into  hard,  rocklike  collections.  Sometimes 
these  stones  in  a  single  person  will  number  in  the  hundreds.  Some 
gallstones  are  lacking  in  calcium  content  and  therefore  invisible 
on  x-ray  films,  but  the  gall-bladder  contrast  material  shows  them 
in  detail  against  the  contrasting  background.  Recent  improve- 
ments in  contrast  material  permit  demonstration  of  tiny  stones  in 
the  ducts  that  connect  the  liver  and  the  intestine.  Overlooked 
stones  in  these  locations  have  in  the  past  caused  recurrence  of 
gall-bladder  symptoms  in  patients  who  had  undergone  surgical 
removal  of  the  entire  organ.  The  new  material  is  so  highly  concen- 
trated that  it  permits  observation  of  such  stones  in  the  duct  system. 
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THE  KIDNEYS 

Without  contrast  material,  the  kidneys  are  seen  on  an  x-ray 
film  only  as  large  bean-shaped  organs  on  each  side  of  the  abdomen. 
Any  hint  as  to  their  internal  structure  or  of  a  possible  disease 
process  may  not  be  shown  at  all.  With  contrast  material,  a  very 
detailed  and  revealing  picture  of  kidney  structure  may  be  ob- 
tained. Since  a  host  of  diseases  are  mirrored  in  the  kidney,  this 
examination  is  a  most  important  one.  The  patient  must  be  given 
an  intravenous  injection  of  one  of  several  preparations  now  avail- 
able on  the  market.  Within  a  matter  of  minutes,  this  material  is 
excreted  by  the  urinary  system.  During  its  excretion  it  is  suffici- 
ently concentrated  in  the  various  structures  within  the  kidney  to 
show  these  structures  directly  on  an  x-ray  film.  The  first  film, 
made  about  five  minutes  after  the  injection,  shows  opaque 
material  in  the  collecting  system  of  the  normal  kidneys.  The 
collecting  system  is  that  part  of  the  kidney  which  receives  wastes 
from  the  blood  stream.  The  wastes  reach  the  kidneys  with  a 
sufficient  concentration  of  the  contrast  substance  to  render  the 
urine  dense  enough  to  appear  on  the  film.  This  also  makes  visible 
the  pelvis  or  reservoir  of  the  kidney.  From  the  kidney  pelvis,  the 
dense  opaque  urine  spills  over  into  the  ureters,  the  long  thin 
passageways  leading  from  the  kidneys  down  into  the  bladder. 
The  passage  of  this  material  downward  makes  the  ureters  visible, 
and  in  turn  the  bladder. 

We  are  thus  able  to  learn  first,  whether  the  kindeys  are  func- 
tioning. If  function  is  sufficiently  reduced  from  some  disease  pro- 
cess, this  opaque  material  will  be  faint  or  may  not  show  on  the 
x-ray  films. 

Second,  we  are  able  to  see  if  there  is  something  structurally 
incorrect  about  the  kidneys.  Of  all  the  organs  in  the  body,  the 
kidneys  are  most  prone  to  congenital  malformations.  There  may 
be  only  a  single  kidney.  There  may  be  a  so-called  horseshoe 
kidney,  connecting  the  two  kidneys  across  the  spine.  There  may 
be  multiple  kidneys  on  one  side.  There  may  be  wide  disparity  in 
the  positions  of  the  kidneys. 

Third,  the  x-ray  films  will  show  some  evidence  of  whether  or  not 


Fig.  28. — A  soft-drink  bottle  in  the  abdominal  cavity.  (Courtesy  Dr.  Randolph 
Harrison  Hoge,  Dr.  Charles  C.  Thedieck,  and  the  yournal  of  the  American 
Medical  Association^ 


Fig.  29. — X-ray  of  a  child's  hand  showing  six  fingers. 
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the  structures  within  the  kidneys  have  been  affected  by  disease. 
If  there  is  a  stone  somewhere  in  the  ureter,  blocking  the  flow  of 
urine,  the  kidney  will  show  distention  caused  by  retained  urine. 
If  this  distension  lasts  long  enough,  the  kidney  will  eventually  be 
reduced  to  a  bag  of  water  as  its  internal  structures  are  destroyed 
by  pressure. 

The  urinary  bladder  may  show  a  normal  outline  or  may  show 
a  variety  of  defects.  Cancer,  for  example,  will  show  the  affected 
portion  of  the  bladder  thickened  and  irregular,  not  allowing 
opacified  urine  to  fully  show  the  usual  bladder  contours.  Inflam- 
mation of  the  bladder,  cystitis,  is  demonstrated  by  a  characteristic 
contraction  of  the  bladder  with -associated  scalloping  of  its  border. 
Perforation  of  the  bladder,  which  may  follow  a  serious  accident, 
is  detected  by  filling  the  bladder  with  the  opaque  solution  and 
looking  for  leakage. 

The  kidney  system  may  also  be  shown  dramatically  on  x-ray 
films  by  introducing  the  opaque  material  from  below.  The  doctor 
passes  a  long  tube  through  the  penile  or  urethral  canal  into  the 
bladder.  By  means  of  an  eyepiece  on  this  instrument,  the  doctor 
will  directly  examine  the  interior  of  the  bladder.  This  procedure 
is  known  as  cystoscopy.  At  this  point,  if  he  so  desires,  he  may  inject 
into  the  bladder  some  of  the  opaque  material,  then  have  films 
made  of  this  filled  bladder.  More  frequently,  he  will  first  pass 
long,  wire-like  tubes  from  the  bladder  up  into  the  kidney  areas 
before  injecting  the  contrast  material.  The  resultant  picture  shows 
the  interior  of  the  kidneys,  the  ureters,  and  bladder  with  startling 
clarity.  These  films  are  sharper  and  clearer,  usually,  than  the 
films  made  by  the  intravenous  method.  However,  the  injection 
from  below  will  not  show  anything  of  kidney  function  since  it  does 
not  depend  upon  the  excretion  by  the  kidney,  but  merely  upon 
pressure  from  below. 

THE  SPINAL  CORD 

Investigating  disease  of  the  spinal  cord  and  obstruction  of  the 
spinal  canal  by  the  use  of  contrast  solution  is  now  an  everyday 
practice.  The  anatomical  site  employed  is  the  sheath  of  membranes 
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surrounding  the  nerve  cord,  within  the  spinal  column.  The  usual 
procedure  is  to  remove  some  spinal  fluid  and  to  introduce  in 
place  of  it  an  appropriate  quantity  of  the  opaque  medium,  which 
may  then  be  observed  by  fluoroscopy  as  it  goes  up  and  down  the 
spinal  cord.  As  the  patient's  position  is  changed,  radiographs  are 
made  at  various  levels  as  this  dense  column  travels  up  and  down. 
This  method  has  been  found  highly  useful  in  the  search  for 
obstruction  of  the  spinal  canal.  Such  an  obstruction  may  be  pro- 
duced by  an  accident  with  vertebral  involvement,  by  a  slipped 
disc,  or  by  a  tumor.  When  the  opaque  material,  as  it  traverses  the 
cord,  comes  to  an  abrupt  stop  and  does  not  pass  a  certain  point, 
we  may  asume  that  this  is  the  point  of  obstruction.  Occasionally 
the  appearance  of  the  block  will  point  to  the  reason  for  the 
obstruction. 

Perhaps  the  most  common  use  of  this  method,  known  as  myelo- 
graphy, is  in  the  attempt  to  diagnose  a  slipped  or  herniated  disc. 
This  term  has  become  familiar  generally  because  of  the  wide- 
spread publicity  that  back  pain  has  received.  A  relatively  large 
number  of  patients  with  back  pain  do  have  some  degree  of  slipped 
disc.  The  disc  is  a  piece  of  cartilage  lying  as  a  cushion  between  the 
vertebrae.  It  can  slip  backward  and  exert  pressure  on  the  spinal 
cord.  This  pressure  produces  the  pain  experienced  by  the  patient. 
As  the  opaque  material  goes  up  and  down  within  the  spinal 
sheath,  the  column  will  be  deformed  and  indented  at  the  site  of 
the  herniated  disc.  It  will  also  show  the  extent  of  the  pressure 
defect. 


STERILITY 

One  of  the  most  dramatic  demonstrations  in  diagnostic  x-ray 
is  the  showing,  on  the  x-ray  film,  of  the  outline  of  the  uterus  and 
associated  tubes  of  the  female  reproductive  tract.  The  chief  pur- 
pose of  this  demonstration  is  to  determine  whether  these  organs 
are  clear  of  obstruction  and,  accordingly,  whether  a  normal 
conception  is  possible.  A  contrast  material  similar  to  that  used  in 
other  studies  is  injected  from  below  into  the  uterus.  Control  x-rays 
are  made  in  order  to  know  when  enough  material  has  been 


Fig.  30. — Herniation  of  a  portion  of  the  stomach  (A)  into  the  left  chest.  The 
constriction  at  (B)  represents  the  opening  in  the  diaphragm  through  which  the 
hernia  took  place. 
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Fig.  31. — The   barium-filled  stomach  (B),  showing  a  normal  contour, 
duodenal  bulb  (A)  shows  its  characteristic  triangular  shape. 


The 
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injected.  If  the  findings  show  that  there  is  closure  or  obstruction  of 
the  Fallopian  tubes,  then  a  cause  for  sterility  is  clearly  estab- 
lished. Sometimes  the  clearing  of  a  partial  obstruction  is  brought 
about  by  the  passage  of  this  contrast  material.  Not  uncommonly 
the  patient  conceives  within  a  short  time  after  this  essentially 
diagnostic  procedure. 

In  the  past,  sterility  has  been  the  subject  of  probably  more  folk- 
lore and  superstition  than  any  other  complaint.  More  recently, 
this  subject  has  become  a  complete  medical  subspecialty  and  this 
method  for  determining  possible  obstruction  has  become  standar- 
dized. The  procedure  will  also  reveal  other  conditions,  if  present. 
Something  within  the  uterus  which  is  filling  its  cavity,  in  the 
nature  of  a  tumor  or  blood  clot,  will  show  as  a  negative  shadow  on 
the  x-ray  film.  The  usual  method  of  making  a  diagnosis  of  a 
tumor  of  the  uterus  does  not,  however,  entail  the  use  of  this 
procedure. 


EXPLORATION  OF  THE  LUNGS 

The  contrast  method  for  investigation  of  the  lungs  has  been  in 
use  for  many  years.  The  opaque  material  is  passed,  by  means  of 
a  tube,  over  the  back  of  the  tongue  and  down  into  either  or  both 
of  the  lungs.  By  this  method,  the  tubes  within  the  lungs  become 
opacified  and  sufficiently  dense  to  show  their  position.  The 
arborizing  branches  make  a  fascinating  and  complex  pattern  seen 
spreading  toward  the  chest  wall  throughout  the  lungs.  It  is 
possible  by  manipulation  and  by  expert  control  to  determine  just 
which  area  of  the  lung  one  wishes  to  make  dense  and  to  direct  all 
of  the  opaque  medium  in  that  particular  direction. 

The  information  which  is  gleaned  from  these  studies  is  most 
helpful  in  diagnosis.  For  example,  in  the  condition  known  as 
bronchiectasis,  the  tubes  of  the  lung,  instead  of  decreasing  in  size 
as  they  pass  further  out  into  the  lung  tissue,  actually  become  a 
series  of  small  distended  sacs.  Within  these  sacs  pus  collects ;  the 
patient  becomes  chronically  ill,  bringing  up  large  quantities  of 
sputum,  particularly  in  the  morning.  This  person's  chest,  on  a  film 
made  without  using  contrast  material,  may  show  no  hint  of  the 
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underlying  disease,  or  may  show  very  confusing  evidence.  Passing 
opaque  material  into  the  lung  makes  it  possible  to  fill  these  little 
sacs  and  to  show  in  considerable  detail  exactly  what  the  trouble  is. 
Since  this  condition  may  be  treated  by  surgical  methods,  the 
demonstration  of  these  small  distended  terminal  tubes  in  their 
exact  location  is  important. 

In  the  diagnosis  of  tumor  disease  of  the  lungs,  the  filling  of  the 
bronchial  tree  is  also  of  considerable  value.  The  end  of  the 
bronchus  or  tube  just  before  the  tumor  may  be  blunted,  preventing 
demonstration  of  the  normal  pattern. 

THE  SALIVARY  GLANDS 

Another  application  of  the  contrast  method  is  in  the  demon- 
stration of  the  ducts  leading  to  the  salivary  glands.  The  patient 
may  have  a  history  of  repeated  periodic  swellings  under  the  side 
of  the  chin;  the  swelling  often  comes  with  eating  and  may  suddenly 
disappear  with  a  large  gush  of  fluid  into  the  mouth.  This  is  indic- 
ative of  a  small  stone  in  the  duct  of  one  of  the  salivary  glands.  By 
means  of  a  small  delicate  cannula  or  tube,  the  opaque  solution 
may  be  passed  into  the  duct  and  the  position  of  the  stone  demon- 
strated. In  addition,  normal  structure  of  the  salivary  gland  duct 
may  be  shown  by  filling  it. 

THE  CIRCULATORY  SYSTEM 

Other  organs  which  are  investigated  with  these  contrast  media 
include  the  arteries  and  veins.  In  persons  with  impaired  circulation 
in  the  arms  and  legs  this  procedure  will  produce  much  valuable 
information.  Very  detailed  intricate  patterns  of  the  arterial  or 
venous  distribution  are  obtained  with  evidence  of  where  the 
obstruction  or  the  disease  process  may  be. 

No  discussion  of  contrast  media  is  complete  without  mentioning 
the  danger  of  allergic  reaction.  If  the  patient  is  sensitive  to  the 
contrast  agent  which  is  employed,  then  he  may  exhibit  severe  and 
occasionally  dangerous  reactions.  It  is  always  a  good  idea  to  try 


Fig.  32. — The  normal  colon  or  large  bowel  as  outlined  by  air  (dark  shadow). 
The  air  has  been  injected  through  the  rectum. 


Fig.  33. — A  series  of  four  x-rays  showing  the  gall  bladder  (A)  as  opacified  with 
an  opaque  media,  the  biliary  ducts  (B),  the  barium-filled  duodenal  bulb  (C),  and 
the  last  portion  of  the  stomach  (D). 
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to  find  out  whether  the  patient  has  an  allergic  background  or 
even,  perhaps,  a  specific  sensitivity  for  the  drug  to  be  adminis- 
tered. In  addition  to  inquiring  for  a  history  of  sensitivity,  tests 
may  be  made  prior  to  the  injection  of  the  contrast  agent  as  another 
means  of  detecting  sensitivity  and  preventing  a  violent  reaction. 
One  must  view  these  possible  reactions  in  relation  to  the  value 
of  the  procedure.  For  a  man  in  the  excruciating  clutches  of  an 
attack  of  colic  or  for  a  woman  undergoing  frequent  distressing 
bouts  of  gall-bladder  trouble,  there  is  sufficient  reason  for  em- 
ploying these  contrast  agents  provided  all  safeguards  are 
employed. 


CHAPTER  8 

SPECIALTIES 


Specialty  practice  in  the  general  field  of  medicine  began  in 
antiquity  with  the  distinction  between  surgeons  and  physicians. 
With  the  advances  since,  it  has  become  impossible  for  one  man  to 
adequately  cover  the  entire  field  and  specialty  practice  has  be- 
come an  accepted  aspect  of  medicine  all  over  the  world.  The 
branch  of  medicine  called  radiology  has  had  to  develop  corres- 
ponding specialties  in  order  to  supply  diagnostic  and  therapeutic 
help.  However,  most  radiologists  conduct  the  entire  range  of 
the  practice,  seeking  consultation  or  confirmation  only  occa- 
sionally. 

THE  SKULL 

One  of  the  most  dramatic  sites  for  radiography  lies  within  the 
skull.  This  hitherto  inaccessible  area  is  now  made  to  yield  its 
secrets  by  a  number  of  methods.  One  of  these  is  opacifying  the 
blood  vessels  within  the  skull.  This  is  known  as  cerebral  angi- 
ography. The  patient  has  the  opaque  solution  injected  into  one  of 
the  principal  arteries  running  from  the  neck  into  the  skull.  The 
necessary  x-ray  equipment  is  highly  specialized,  with  rapid  film 
changers  and  numerous  additional  accessory  mechanisms.  Films 
are  taken  over  a  period  of  time  by  automatic  arrangements  during 
and  immediately  following  the  injection.  When  these  are  viewed 
on  the  x-ray  view  boxes,  they  usually  show  the  tracery  of  the 
arteries  within  the  skull  with  great  clarity  and  give  the  observer 
considerable  information  relating  to  position,  abnormal  structure, 
or  disease  process.  For  example,  a  patient  who  is  suspected  of 
having  a  tumor  within  the  skull  may  show  the  normal  arterial 
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pattern  to  be  markedly  altered.  If  the  principal  vessels  are  dis- 
placed from  one  side  to  the  other,  a  space-taking  mass  or  tumor  is 
conclusively  demonstrated. 

Another  application  of  this  method  is  the  detection  of  weak 
spots  in  the  brain  arteries.  When  these  weak  spots  break  through 
and  blood  spills  into  the  brain  tissue,  the  person  shows  physical 
signs  of  a  "stroke,"  including  paralysis,  unconsciousness,  and 
profound  disturbance  of  body  functions.  These  weak  spots  are 
really  small  balloonlike  distentions  of  the  arteries.  These  little 
distentions  or  aneurysms  are  notoriously  thin  walled  and  as  the 
years  pass,  the  possibility  increases  that  one  of  them  will  rupture 
and  flood  the  brain  with  a  sudden  hemorrhage.  If  the  distentions 
are  detected  on  an  x-ray  film,  it  may  be  possible  to  intervene 
surgically  and  to  prevent  their  possible  rupture.  The  dense 
solution  injected  into  the  blood  system  will  show  these  small 
balloonlike  bulges  along  the  arterial  pathway  and  provide  a  guide 
to  the  neurosurgeon. 

Another  special  procedure  of  considerable  value  in  the  field  of 
brain  diagnosis  is  the  introduction  of  air  or  gas  to  outline  brain 
abnormalities.  The  air  is  injected  into  the  sheath  of  the  spinal 
cord,  then  rises  up  into  the  spaces  and  chambers  of  the  brain  and 
is  seen  as  a  dark  bubble  against  the  white  density  of  skull  bone  and 
brain.  Departures  from  the  normal  may  be  demonstrated,  and 
these  findings  may  guide  the  choice  between  surgery  and  x-ray 
treatment. 

There  is  an  alternative  way  of  conducting  this  test  if  some 
feature  prevents  injecting  the  gas  into  the  spinal  sheath  for  up- 
ward passage  into  the  brain.  Under  these  conditions  it  is  necessary 
to  bore  a  small  hole  through  the  side  of  the  skull,  then  pass  the  air 
through  the  brain  substance  into  one  of  the  communicating 
chambers  of  the  brain.  The  air  will  then  tend  to  circulate  as  the 
position  of  the  patient's  head  is  altered.  If  an  obstruction  is  en- 
countered, the  air  will  demonstrate  where  it  is  located.  Careful 
study  and  analysis  may  reveal  not  only  the  location  but  even  the 
cause  and  reason  for  this  obstruction. 

The  intricacies  of  this  branch  of  diagnostic  radiology  have 
produced  a  subspeciality  in  which  the  radiologist  concerns  himself 
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almost  exclusively  with  the  findings  of  x-ray  in  the  brain  and 
spinal  column  and  becomes  expert  in  the  interpretation  of  the 
most  minute  departure  from  the  normal.  The  scientific  level  of 
the  apparatus  employed  is  similarly  very  high  and  it  is  chiefly 
found  in  institutions  devoted  to  this  form  of  diagnosis.  This  equip- 
ment is  complex  and  expensive,  and  is  operated  by  technicians 
who  are  highly  trained  in  the  art  of  taking  these  particular  x-ray 
studies. 


THE  HEART 

Another  of  the  more  dramatic  and  relatively  recent  procedures 
is  that  known  as  cardiac  catheterization,  now  a  recognized 
method  of  cardiac  diagnosis.  It  was  found  possible  to  thread  a 
small  tube  into  a  vessel  in  the  arm  or  shoulder,  feed  it  along  the 
entire  length  of  this  vessel,  and  thus  pass  it  directly  into  the 
chambers  of  the  heart.  There  it  can  be  used  to  gather  a  con- 
siderable fund  of  information.  The  relative  blood  pressures  within 
each  chamber  can  be  measured.  The  concentration  of  oxygen  in 
the  various  chambers  can  be  estimated. 

Cardiac  catheterization  and  radiography  are  especially  impor- 
tant in  diagnosing  cases  in  which  the  heart  has  been  malformed 
from  birth,  a  condition  usually  associated  with  a  general  bluish 
color  of  the  skin.  The  life  of  the  child  is  endangered  unless  the 
exact  cause  can  be  determined  and  surgery  instituted.  By  estima- 
ting the  relative  amount  of  oxygen  in  each  chamber,  it  is  possible 
to  determine  the  direction  of  the  flow  of  the  blood  and  thus  to 
discover  whether  there  are  faulty  valves  and  abnormal  openings 
within  the  heart  which  require  surgery. 

The  passage  of  the  catheter  is  observed  under  the  fluoroscope 
and  when  it  reaches  the  correct  chamber  an  opaque  solution  can 
be  introduced.  This  first  opacifies  one  chamber  of  the  heart;  then 
other  chambers  appear  as  the  material  flows  with  the  current  of 
the  blood,  propelled  by  the  heart's  contractions.  This  method  is 
of  special  value  in  pinpointing  abnormalities  prior  to  surgical 
repair. 


Fig.  36. — The  internal  carotid  artery  (A)  and  its  branches  (B)  in  the  skull  are 
opacified  during  an  examination. 


Fig.  37. — The  arrow  points  to  a  deposit  of  calcium  near  the  shoulder  joint, 
indicating  bursitis  of  the  shoulder. 
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BODY  SECTIONS 


A  totally  different  radiographic  procedure  is  the  x-ray 
dissection  of  the  body  in  layers  or  sections.  It  is  an  effort  to  see 
tissues  at  different  depths  through  the  body  without  having  the 
underlying  or  overlying  organs  obscure  them.  A  dense  shadow  in 
the  lung,  for  example,  is  usefully  studied  by  this  method.  The  chief 
purpose  of  carefully  examining  such  a  density  in  the  lungs  is  to 
establish  whether  it  represents  a  cancer  and  thus  whether  it 
requires  surgery.  One  of  the  keys  to  the  diagnosis  is  any  evidence 
of  calcium  deposit  in  the  density.  If  calcium  can  be  seen,  the 
probability  is  that  it  is  not  a  tumor,  calcium  being  one  of  nature's 
chief  methods  in  the  healing  of  inflammation.  If  calcium  is  found, 
then  the  dense  shadow  on  the  x-ray  probably  represents  an  old 
and  perhaps  healed  inflammatory  process.  If,  on  the  other  hand, 
calcium  is  not  observed  within  the  density,  then  it  may  well 
represent  a  cancer  of  the  lung  and  require  early  surgery. 

A  single  film  of  the  chest  may  reveal  the  shadow,  but  if  this 
shadow  has  any  considerable  depth,  the  inner  portion  is  not 
clearly  demonstrated.  The  method  of  body  sectioning  or  tomag- 
raphy  is  applicable  under  these  circumstances.  A  series  of  x-rays 
are  taken  at  measured  intervals  throughout  the  depths  of  this 
shadow.  In  the  apparatus  the  tube  and  the  x-ray  film  are  in 
motion  during  the  taking  of  the  film,  blurring  the  lung  in  front 
and  the  lung  behind  the  shadow.  This  brings  into  focus  just  the 
various  slices  at  each  step  as  we  progress  through  the  suspicious 
shadow.  The  series  of  films  show  the  top  surface  of  the  shadow  and 
then  I  cm.  below  and  so  on  right  through  the  density,  allowing  an 
opportunity  to  carefully  observe  the  inside  of  this  possible  cancer 
by  means  of  x-ray  films  before  any  surgical  intervention  is 
attempted.  In  many  instances,  the  films  eliminate  the  need  for 
the  surgeon  to  enter  the  chest. 

Another  useful  application  of  this  same  method  is  in  the  deter- 
mination of  cavities  in  pulmonary  tuberculosis.  The  formation  of 
cavities  in  the  lung  is  characteristic  of  this  disease.  These  are  a 
constant  hazard  because  of  the  possibility  of  severe  hemorrhage. 
They  are  also  important  as  an  indication  of  the  patient's  progress 
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under  treatment.  The  continued  presence  of  cavities  may  neces- 
sitate surgery.  It  is,  therefore,  extremely  important  to  show  the 
cavities,  if  they  exist,  on  x-rays.  The  tubercular  patient's  lung  is 
sectioned  through  painlessly  and  a  series  of  x-rays  produced.  It  is 
possible  to  look  through  the  entire  lung  searching  for  smaller 
cavities  than  those  visible  on  a  general  film. 

This  method  is  also  extremely  useful  in  looking  for  a  possible 
fracture  of  the  upper  vertebrae  of  the  neck.  Since  a  false  movement 
may  mean  the  life  of  a  patient,  it  is  essential  to  show  where  the 
fracture  or  dislocation  may  be.  By  x-ray  sectioning  through  the 
vertebrae  it  becomes  possible  to  see  fractures  which  otherwise 
would  go  unnoticed. 

There  are  many  applications  for  this  method  throughout  the 
body,  wherever  it  becomes  important  to  see  detail  exactly  at  a 
particular  depth. 


CHAPTER  9 

THE  DIAGNOSTIC  ART 


A  semi-circle  of  serious-faced  doctors  stood  in  the  glare  of  a 
bank  of  illuminated  x-ray  viewing  boxes.  A  series  of  x-ray  films 
were  distributed  over  these  illuminated  boxes,  all  of  them  dis- 
playing the  thigh  of  a  young  woman.  The  white-coated  hospital 
resident  finished  arranging  them  in  the  order  in  which  they  had 
been  taken  and  stepped  back  into  the  circle  of  physicians. 

"That  girl,"  said  one  of  the  doctors,  in  a  matter  of  fact  manner, 
"is  only  twenty-four.  She  came  to  see  me  a  week  ago  complaining 
of  a  swelling  across  the  middle  of  her  thigh.  Looking  back,  she 
thought  that  it  had  been  there  for  some  time,  but  wasn't  sure.  She 
became  aware  of  it  on  comparison  with  the  other  leg  when  she 
was  taking  a  bath.  She  told  me  that  she  didn't  think  that  it  hurt 
but  occasionally  she  felt  a  sort  of  a  twinge  running  down  her  leg. 
She  had  no  recollection  of  hurting  herself  or  having  hurt  herself 
years  ago.  Questioning  on  my  part  failed  to  reveal  any  other 
information.  She  had  no  fever,  sore  throat  or  boil.  I  examined  the 
leg  thoroughly  and  there  is  a  fusiform  swelling  of  the  mid-portion 
of  the  thigh,  distorting  the  normal  contour.  Underneath  this 
swelling,  I  think  I  can  feel  a  hard  core.  Pressure  fails  to  make  her 
admit  to  any  considerable  pain.  I  could  not  find  any  definite 
glands  in  the  groin.  She  told  me  she  thought  her  appetite  might 
have  diminished  slightly  in  recent  weeks  but  her  weight  has  been 
maintained  pretty  much  as  it  always  has.  She  has  kept  at  her  job 
which  involves  considerable  standing — she  is  a  librarian  in  a  public 
library.  I  immediately  had  her  x-rayed  and  those  films  on  the  top 
boxes  are  the  result.  On  the  strength  of  those  films  I  referred  her 
to  a  surgeon." 

He  fell  silent  and  another  voice  picked  up  the  story ;  this  was  the 
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surgeon,  a  tall  spare  man  with  capable  hands  and  an  efficient 
manner. 

"When  I  saw  this  girl,"  he  said  in  a  deep  voice,  "I  felt  that  we 
should  take  a  piece  of  the  underlying  tissue  and  have  it  examined 
by  the  pathologist  to  see  whether  or  not  it  represented  a  cancer. 
I  took  her  into  the  hospital  for  that  purpose  and  we  made  a  small 
incision  over  the  widest  part  of  this  swelhng.  After  separating  the 
muscles,  we  came  down  on  a  hard  pinkish  mass,  apparently 
attached  to  the  underlying  thigh  bone.  I  chiseled  a  fragment  from 
this  area  and  then  closed  the  incision.  The  specimen  was  sent 
down  to  the  pathologist." 

The  surgeon  stopped  talking  and  a  white-coated,  short,  stoop- 
shouldered  man  took  up  the  story.  "When  we  received  the 
specimen  from  Dr.  White  we  cut  it  into  complete  sections  and 
thoroughly  examined  each  slide  carefully  for  cancer.  I  must 
admit,  gentlemen,  that  none  of  the  slides  show  the  typical  findings 
of  cancer.  However  I  must  equally  admit  that  there  are  numerous 
occasions  in  bone  disease  where  a  specimen  fails  to  tell  the  whole 
story.  We  have  found  that  x-ray  films,  especially  in  bone  cancer, 
are  more  reliable  than  a  small  fragment  taken  for  microscopic 
analysis.  I  must  defer  to  my  colleague,  the  radiologist." 

The  tall,  angular,  lean-looking  figure,  wearing  a  white  coat 
who  had  been  standing  near  the  bank  of  view  boxes  began  to  speak. 
"I  think  we  will  all  agree  with  the  pathologist  that  when  it  comes 
to  bone  tumors,  x-ray  usually  has  the  last  word.  Unless,  of  course, 
the  pathologist  has  the  opportunity  to  go  through  the  entire 
disease  process.  This  he  rarely  does  unless  the  leg  or  part  has  been 
removed  and  he  has  it  in  his  laboratory  for  complete  sectioning. 
As  you  gentlemen  know,  we  have  a  choice  of  two  conditions  in 
this  leg.  One  is  cancer  of  the  bone  and  the  other  is  chronic  in- 
flammation. The  distinction  between  these  two  is  not  merely 
academic.  On  the  one  hand,  if  it  is  cancer  this  young  woman 
must  lose  her  entire  leg.  On  the  other  hand,  if  this  is  inflammatory 
and  infectious,  we  can  treat  her  with  the  newer  antibiotic  drugs 
and  expect  a  successful  outcome.  However,  very  often  even  the 
x-ray  films  fail  to  be  completely  clear  on  this  differential  diagnosis 
and  we  must  take  many  facts  into  consideration. 
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"Looking  at  the  x-ray  films  of  this  leg,"  he  said  pointing  to  the 
outline  of  the  underlying  bone  of  the  thigh,  "you  will  see  that  the 
outer  membrane  of  the  bone  is  widened.  There  is  a  spiculed 
appearance,  sometimes  called  a  sunburst  of  new  bone,  fanning 
out  from  the  shaft  of  the  bone  into  the  surrounding  muscles  and 
soft  tissues.  This  is  the  mass  that  is  widening  her  thigh.  This 
fanning  out  is  actually  new  bone  pushing  out  the  muscle  and 
causing  the  swelling.  It  also  produces  the  feeling  of  something 
hard  underneath  the  muscular  structures  of  the  thigh.  In  addition, 
you  will  note  that  there  is  some  change  in  the  actual  architecture 
of  the  underlying  bone.  The  outer  edge  appears  to  be  altered  and 
here  at  this  point  seems  to  be  broken  through.  I  am  afraid  that 
in  the  case  of  this  young  woman  we  must  call  this  a  cancer  of  the 
bone.  The  fact  that  the  pathologist's  specimen  material  was 
negative  is  probably  due  to  the  fact  that  it  was  some  outer  portion 
of  the  bone  which  was  not  yet  involved  and  contained  no  cancer 
cells.  As  he  has  said,  this  does  not  mean  that  there  is  no  evidence 
of  cancer  throughout  this  big  mass.  I  am  afraid  that  this  young 
woman  has  a  cancer  of  the  bone  and  that  she  must  be  operated  on 
and  this  leg  removed." 

The  family  doctor  who  had  originally  presented  the  case,  said 
quietly,  "She  was  to  be  married  in  the  spring.  I  suppose  it  is 
premature  to  ask,  but  is  that  a  possibility?" 

The  surgeon  replied  by  saying,  "First  things  first,  John.  We'll 
have  to  get  after  that  leg  as  soon  as  possible.  Will  you  advise  the 
family?" 

This  entire  incident  is  an  example  of  the  art  of  radiologic 
diagnosis.  There  are  many  places  throughout  the  body  where 
conditions  simulate  each  other.  Not  only  do  they  simulate  each 
other  in  symptoms  and  complaint  but  also  their  x-ray  findings 
may  be  somewhat  similar.  Differentiating  one  from  the  other 
represents  experience,  judgment,  and  reasoning  faculties.  The 
responsibility  for  arriving  at  the  final  decision  weighs  heavily  upon 
the  shoulders  of  the  physicians  concerned.  This  is  especially  true 
of  the  radiologist  since  his  word  on  the  interpretation  of  the  films 
may  determine  the  treatment  of  the  case. 

Chest  disease  also  entails  the  same  careful  analysis  before  a 
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decision  is  reached.  In  this  particular  case,  it  was  the  x-ray  tech- 
nician who  began  the  discussion.  As  he  processed  the  chest  film 
and  then  checked  it  by  holding  it  against  the  illuminator  to  see 
whether  or  not  the  film  was  satisfactory,  he  noted  an  unusual 
shadow  in  the  chest.  During  their  many  years  of  radiography, 
technicians  become  proficient  in  recognizing  departures  from  the 
normal.  Indeed  it  is  a  mark  of  a  good  technician  that  he  recog- 
nizes such  departures  and  be  prepared  to  take  additional  views  to 
better  demonstrate  whatever  may  seem  to  be  abnormal  in  a 
specific  case.  This  technician  was  immediately  struck  by  the 
shadow,  a  round  circular  density  seen  in  the  right  upper  lung,  near 
the  chest  wall. 

Leaving  his  film  in  the  water  bath  he  called  the  radiologist  by 
intercom.  "Doctor,  I  have  a  positive  finding  on  this  x-ray  of  the 
chest.  Would  you  like  to  come  back  and  see  it?" 

"Be  right  in,"  said  the  physician  over  the  'phone  and  a  moment 
later  he  was  examxining  the  wet  film,  holding  it  against  the  dark- 
room illuminator.  There,  high  and  over  to  one  side  near  the  chest 
wall,  in  the  right  upper  lung  was  a  round,  circular  shadow  about 
the  size  of  a  quarter.  It  had  fairly  good  edges  and  no  particular 
content,  such  as  calcium,  that  could  be  identified.  "A  coin 
shadow,"  he  murmured  to  himself,  and  then  aloud  to  the 
technician,  "Have  you  taken  other  views?" 

"Yes  sir,"  said  the  technician,  "here  is  a  lateral."  He  pulled 
the  dripping  film  from  the  water  and  held  it  up.  The  radiologist 
again  saw  this  coin  shadow  verified  by  the  side  view.  "Where's 
the  patient?"  said  the  doctor. 

The  technician  led  the  radiologist  to  the  dressing  room  where 
the  patient  was  resuming  his  clothing  and  the  doctor  said : 

"Have  you  been  coughing  long,  Mr.  Brown?" 

"Well,"  said  Mr.  Brown,  "I  have  always  had  a  dry,  hacking 
cough  and  always  called  it  a  cigarette  cough.  I  would  say  that  it 
is  a  little  bit  worse  at  the  present  time." 

"A  cigarette  cough,"  said  the  doctor.  "How  many  cigarettes 
do  you  smoke  a  day?" 

"Well,"  said  Mr.  Brown,  smihng,  "I  suppose  about  a  pack  and 
one-half  to   two   packs  a  day  and  that  would  go  back  maybe 
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20  years.  I  quit  every  once  in  a  while  but  I  start  all  over 
again." 

"  When  you  cough,"  said  the  doctor,  "do  you  bring  up  anything 
red?" 

"Well,"  said  the  patient,  "that  is  the  funny  thing.  I  never  had 
before,  but  about  a  week  ago  I  coughed  and  when  I  spit  into  my 
handkerchief,  there  was  a  bright  red  stain.  It  looked  like  blood  to 
me.  I  had  a  few  sticking  pains  in  the  right  chest  in  the  last  couple 
of  months.  That  is  what  brought  me  to  my  doctor  and  I  suppose 
that  is  why  he  sent  me  here  to  you.  Why,"  he  said,  with  a  sudden 
note  of  alarm,  "is  there  anything  wrong?  Did  you  find  something 
in  my  chest?" 

"Oh,  now,"  said  the  radiologist,  "these  films  are  still  wet  and 
haven't  even  processed  through.  It  just  helps  me  with  the  diag- 
nosis to  get  this  information.  I  am  going  to  send  a  complete  report 
to  your  doctor.  Good-day,  Mr.  Brown." 

"Bye,  Doc,"  said  the  patient. 

"John,"  said  the  doctor  to  his  technician,  "that  must  have  been 
Dr.  Jenkins  who  referred  Mr.  Brown  to  me,  wasn't  it?  Will  you 
ring  him  on  the  'phone  for  me  ?  " 

A  moment  later  the  doctor  was  on  the  'phone,  saying: 

"Ed,  your  patient  Brown  was  just  in  here  for  his  chest  x-rays 
and  he  has  a  coin  lesion  about  the  size  of  a  quarter  in  his  upper  right 
lung.  I  see  this  shadow  on  all  the  views.  There  are  a  number  of 
possibilities  that  we  must  consider.  Of  course,  our  number  one 
worry  is  a  cancer  of  the  lung  and  there  is  nothing  about  this 
shadow  which  says  right  out  that  it's  anything  except  cancer.  On 
the  other  hand,  there  are  a  number  of  other  things  that  could 
produce  the  same  shadow.  An  old  tuberculous  process  may  have 
healed  and  left  this  deposit  behind.  It  may  also  represent  a  benign 
tumor  [one  that  is  not  cancer].  I  had  a  case  just  the  other  week  in 
which  a  shadow  Hke  this  turned  out  to  be  a  simple  tumor  when 
we  operated ;  the  tumor  was  removed  and  the  patient  is  perfectly 
well.  I  suppose  another  possibility  is  an  old  pleurisy,  leaving  some 
thickening  of  the  pleura,  though  the  round  shape  is  not  quite 
characteristic  of  that  kind  of  a  process. 

"Now,  one  trouble  about  this  lesion  is  that  it  is  too  far  up  and 
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out  in  the  lung  to  see  by  passing  a  bronchoscope  and  we  are 
extremely  limited  in  our  further  procedures  outside  of  actual 
surgery.  Probably  the  only  other  thing  that  we  could  do  with 
x-rays  would  be  to  take  sections  through  it  with  the  idea  that  we 
may  detect  some  calcium  in  this  circular  shadow.  I  would  say  that 
if  we  detect  calcium  in  it,  then  it  can  be  considered  an  old  tuber- 
culous process  and  not  a  cancer.  If  we  come  up  with  a  finding  of 
no  calcium,  it  may  still  be  benign,  but  the  chances  of  it  being 
cancer  will  be  considerably  higher. 

"If  this  man  had  an  x-ray  done  some  time  ago,  and  we  can 
get  the  old  film  for  comparison  that  will  be  of  considerable  help. 
If  an  old  x-ray  film  shows  the  shadow,  same  size  and  density,  we 
could  relax.  But  if  we  have  a  new  shadow  it  may  be  something 
growing.  Then,  of  course,  you  might  collect  some  of  his  sputum 
and  spin  it  down  in  a  centrifuge  and  have  the  pathologist  check  it 
for  possible  tumor  cells  but  this  may  also  be  inconclusive.  I  would 
venture  to  say  right  now  that  with  that  shadow  in  the  lung  you 
will  eventually  come  to  the  point  of  advising  this  man  to  have  an 
exploratory  operation.  If  it  is  cancer,  it  is  still  relatively  small  and 
your  patient  may  have  a  good  chance  for  recovery  by  surgery.  .  .  . 

"This  is  not  the  kind  of  condition  in  which  you  may  see 
characteristic  secondary  signs  as  an  aid  in  diagnosis.  This  is  one 
of  the  difficult  ones,  way  out  in  the  lung — and  all  we  can  say,  more 
or  less,  is  what  I  have  given  you.  In  a  man  his  age,  a  heavy  smoker, 
with  this  kind  of  a  shadow,  I  would  say  the  number  one  worry  is 
cancer  of  the  lung  and  that  is  the  one  to  start  thinking  about." 

Another  part  in  the  body  where  the  radiologist  has  marked 
difficulty  and  considerable  responsibility  in  distinguishing  disease 
processes  is  the  esophagus.  This  hollow  swallowing  tube  is  subject 
to  many  diseases,  particularly  in  older  men.  The  patient  may  be 
referred  for  examination  of  the  esophagus  because  of  a  history  of 
difficulty  in  swallowing.  Radiographs  taken  while  he  is  swallowing 
the  opaque  barium  meal  may  show  narrowing  of  a  portion  of  the 
esophagus.  Such  narrowing  occurs  in  cancer  of  the  esophagus;  it 
also  occurs  in  inflammation  or  esophagitis;  it  is  found  in  adults 
who,  in  infancy,  swallowed  a  corrosive  like  lye  and  were  left  with 
a  scarred  esophagus.  Narrowing  may  also  be  due  merely  to  spasm. 
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It  is  also  possible  that  there  may  be  no  serious  defect  of  the 
esophagus  itself,  but  that  a  tumor  or  mass  in  the  chest  presses  on 
the  esophagus  and  narrows  it. 

But  all  the  radiologist  sees  is  a  muscular  tube  filled  with 
barium,  showing  a  narrowed  segment.  From  his  judgment  and 
experience  he  must  say  which  of  the  enumerated  conditions 
causes  this  narrowing.  Markedly  different  methods  of  treatment 
are  used  for  these  various  conditions.  If  the  radiologist's  diagnosis 
is  incorrect,  then  the  wrong  therapy  is  brought  to  bear  on  the  case 
and  much  valuable  time  may  be  lost. 

The  radiologist  must  seek  those  differences,  however  minor, 
which  will  distinguish  one  condition  from  the  other.  There  are 
some  characteristic  differences  which  he  looks  for.  A  person  with  a 
stricture,  that  is  to  say  scarring  due  to  a  swallowed  corrosive,  will 
show  a  relatively  smooth,  tubular  narrowing.  A  person  who  has  a 
cancer  of  the  esophagus  will  demonstrate  an  irregularity  where 
the  tumor  mass  protrudes  into  the  esophagus.  A  spasm  should 
show  some  evidence  of  contraction  and  relaxation  on  successive 
films,  since  it  is  unusual  for  a  spasm  to  remain  the  same  depth  in 
the  same  spot  for  any  length  of  time.  A  large  cyst  or  tumor  in  the 
chest  will  compress  the  esophagus  and  cause  narrowing;  so  may 
an  enlarged  heart;  but  such  narrowing  from  an  outside  cause 
may  be  differentiated  from  other  conditions  with  relative  ease. 
Any  of  these  conditions  is  more  easily  differentiated  from  cancer 
than  is  inflammation  or  esophagitis.  In  esophagitis,  the  normally 
smooth  lining  membrane  of  the  esophagus  becomes  heaped-up, 
red,  and  inflamed.  An  ulcer  may  form  with  the  characteristic 
barium  protrusion.  The  inflamed  esophagus  may  be  narrowed  in 
an  irregular  fashion  and  look  exactly  like  cancer. 

With  experience,  the  radiologist  is  usually  successful  in  naming 
the  likeliest  condition  as  the  number  one  diagnosis.  However,  it  is 
always  well  to  bear  in  mind  that  radiology  is  an  art.  Despite  all 
the  mechanics  of  x-ray  technique,  the  actual  determination  of  a 
diagnosis  is  anything  but  mechanical.  The  viewing  physician  must 
possess  remarkable  acumen  and  show  seasoned  judgment  in 
determining  which  condition  is  really  responsible  for  the 
complaint  of  the  patient. 
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A  somewhat  similar  difficulty  is  encountered  in  the  stomach, 
particularly  in  its  last  portion,  called  the  antrum.  This  segment  of 
the  stomach  frequently  shows  narrowing  and  slight  irregularity  as 
the  result  of  inflammation  or  gastritis.  It  will  also  show  contrac- 
tion if  there  is  a  duodenal  ulcer.  Gall-bladder  disease  may  also 
produce  contraction  of  the  antrum.  Unfortunately,  this  last  piece 
of  stomach  is  also  the  likeliest  area  in  which  cancer  may  occur. 

Because  of  the  extreme  resistance  of  stomach  cancer  to  radia- 
tion and  x-rays,  early  surgery  is  the  best  available  treatment.  But 
early  surgery  requires  early  diagnosis.  And  since  any  of  several 
conditions  may  cause  narrowing,  we  must  depend  on  more 
minute  findings  in  order  to  determine  just  which  of  the  possible 
causes  is  really  responsible. 

For  these  findings  the  fluoroscope  is  of  special  help.  On  its 
screen  the  radiologist  can  watch  this  narrowed  portion  of  stomach. 
If,  by  manipulation  and  observation  over  a  period  of  time,  he 
sees  that  it  expands  and  contracts  and  does  not  remain  rigidly 
narrowed,  he  has  evidence  in  favor  of  it  being  not  cancer  but  one 
of  the  other  conditions.  If,  on  the  other  hand,  this  portion  of  the 
stomach  remains  tubular  throughout,  if  repeated  films  show  this 
tubular  appearance  without  evidence  of  contraction,  if  there  is 
also  some  flattening  and  possibly  a  little  rigidity  of  the  wall,  then 
a  diagnosis  of  cancer  will  be  made.  We  must  rely  on  the  x-ray 
findings,  together  with  the  clinical  and  laboratory  findings,  for 
unfortunately  the  gastroenterologist's  apparatus  for  viewing  the 
inside  of  the  stomach  rarely  allows  him  to  see  the  very  end  of  the 
antrum.  This  limitation  is  due  to  the  shape  and  contractions  of 
the  stomach. 

In  many  cases,  this  narrowing  of  the  antrum  will  lead  to  a 
decision  to  operate  in  order  to  make  sure  that  cancer  is  not  being 
overlooked.  Such  an  operation  is  warranted  because  the  x-rays 
will  not  disprove  cancer  and  because  of  the  need  for  early  opera- 
tion if  there  is  to  be  any  reasonable  hope  for  the  recovery  of  the 
patient. 

In  the  lower  alimentary  tract,  we  come  again  to  this  same 
question  of  several  conflicting  possibihties.  Especially  in  the 
sigmoid  colon,  the  portion  of  the  bowel  lying  in  the  left  lower 
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part  of  the  abdomen,  a  number  of  conditions  produce  similar 
x-ray  appearances;  among  them  are  spasm,  cancer,  and  inflam- 
mations such  as  diverticuUtis.  To  further  complicate  matters  in 
the  latter  two  conditions,  the  examining  hand  on  the  outside  of 
the  abdomen  will  frequently  feel  an  underlying  hard  mass. 
Although  the  mass  will  be  considerably  more  painful  if  it  is 
purely  diverticulitis  than  if  it  is  cancer,  this  test  is  far  from  being 
completely  dependable. 

Barium  is  introduced  by  enema  into  the  colon,  as  described  in 
an  earlier  chapter,  and  the  area  of  narrowing  is  seen  on  the 
fluoroscope  screen.  If  the  narrowed  area  contracts  and  relaxes, 
then  the  diagnosis  is  spasm  and  appropriate  medication  is  pre- 
scribed by  the  internist.  If,  however,  there  is  an  unchanging 
segment  of  narrowed,  irregular  colon,  the  radiologist  must  dis- 
tinguish between  cancer  and  diverticulitis.  Diverticulitis  is  associ- 
ated with  the  numerous  little  balloonlike  outpocketings  already 
described.  Once  it  was  thought  that  if  there  was  an  area  of 
narrowing  associated  with  diverticuli,  then  the  disease  process 
was  necessarily  limited  to  inflammation  of  the  diverticuli  and  the 
possibility  of  cancer  eliminated.  In  recent  years,  however,  studies 
have  shown  that  these  two  conditions  may  coexist.  The  radi- 
ologist must  now  say  to  his  referring  physician,  "I  think  that  this 
represents  either  diverticulitis  or  cancer,"  and  then  go  on  to  state, 
on  the  basis  of  secondary  x-ray  findings,  which  is  the  more  likely 
diagnosis. 

The  radiologist  may  be  summoned  to  his  hospital  in  the  middle 
of  the  night  in  order  to  confer  with  the  surgeon  and  the  family 
doctor  about  the  possibility  of  an  obstruction.  By  obstruction  is 
meant  blocking  the  normal  passage  of  gas  and  food  down  the 
alimentary  tract.  It  is  of  extreme  importance  since  an  obstruction 
that  continues  for  a  certain  period  of  time  may  cause  irreversible 
damage  through  changes  that  occur  in  the  body  chemistry  as 
retained  poisons  build  up.  Death  may  result  regardless  of  surgical 
intervention  after  these  changes  have  occurred.  For  this  reason 
the  need  for  diagnosis  and  surgery  if  necessary  is  urgent. 

The  radiologist  tries  to  reach  the  hospital  even  before  the 
x-ray  film  is  dry.  Taken  from  the  water  bath,  it  is  held  dripping 
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wet  against  the  x-ray  illuminator.  The  surgeon,  the  family  doctor, 
the  staff  physicians,  and  the  radiologist  carefully  examine  the  film 
for  evidence  of  air  in  the  small  intestines  and  for  distention  in  the 
colon.  Here  also  they  need  to  differentiate  several  possible  condi- 
tions. A  person  who  is  severely  ill  may  gulp  air,  which  will  appear 
in  the  small  intestine  and  simulate  evidence  of  obstruction.  There 
may  also  be  a  considerable  amount  of  air  in  the  colon  because  of 
some  neuromuscular  imbalance  but  not  because  of  obstruction. 
All  the  diagnostic  acumen,  judgment,  and  background  of  the 
radiologist  are  needed  to  make  the  correct  finding;  whether  it  is 
obstruction  or  some  other  condition. 

A  particularly  difficult  area  to  diagnose  definitively  without 
surgery  lies  in  the  kidney  system.  A  patient  may  complain  to  his 
family  physician  of  passing  a  stream  of  pink  or  red  urine.  He  may 
have  a  dull  pain  in  the  back  over  one  of  his  kidneys.  His  visiting 
the  doctor  sets  various  procedures  in  motion,  culminating  in  the 
introduction  of  opaque  material  into  the  kidneys  for  contrast  films. 

The  series  of  films  may  be  perplexing.  Displaced  internal 
kidney  structures  will  reveal  the  presence  of  a  mass  in  the  kidney. 
This  mass  usually  represents  either  a  simple  cyst  or  a  cancer. 
Distinguishing  between  these  two  conditions  is  extremely  difficult 
and  also  important  for  the  choice  of  treatment.  The  simple  cyst 
may  be  left  alone,  a  cancer  means  immediate  removal  of  the 
kidney.  There  has  been  an  attempt,  of  late,  to  introduce  several 
x-ray  signs  to  differentiate  these  two  conditions,  but  by  and  large 
they  remain  so  much  alike  that  the  radiologist  is  forced  to  report 
a  disease  process  in  the  kidney  which  may  represent  either  a 
cancer  or  a  benign  cyst.  Thus  it  remains  for  the  surgical  approach 
to  reveal  the  true  diagnosis. 

The  importance  of  x-ray  in  this  instance  is  that  it  is  able  to 
localize  and  point  to  an  area  in  the  kidney  which  is  diseased. 
Unfortunately  it  does  not  enable  the  radiologist  to  say  whether  or 
not  this  is  the  type  of  condition  which  must  have  surgery.  In  some 
instances,  as  in  far  advanced  cancer,  the  appearance  of  the  kidney 
is  conclusive,  but  in  the  earlier  cases  doubt  may  persist  until  the 
surgeon  has  revealed  the  kidney  and  sometimes  even  until  the 
kidney  has  reached  the  pathologist's  microscope. 
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A  somewhat  similar  situation,  but  one  much  less  difficult  to 
resolve,  is  demonstrated  in  the  bladder.  A  man's  prostate  gland 
occupies  a  position  at  the  base  of  the  bladder  and  surrounds  the 
urethra,  the  external  passageway.  As  a  man  ages,  his  prostate 
gland  increases  in  size  and  may  obstruct  the  passage  of  urine.  On 
examination  the  enlarged  prostate  is  seen  to  be  exerting  pressure 
on  the  base  of  the  bladder.  It  may  actually  appear  to  diminish 
the  volume  of  the  bladder  and  to  encroach  upon  its  inner,  lower 
space.  Another  condition  which  simulates  this  x-ray  appear- 
ance is  a  cancer  of  the  floor  of  the  bladder.  In  this  case  also  there 
is  a  mass,  but  instead  of  the  prostate  it  is  a  cancer  diminishing  the 
volume  of  the  bladder.  The  diagnosis  is  not  usually  as  difficult  as 
in  kidney  disease,  since  a  prostate  almost  invariably  has  a  smooth, 
rounded  outline  whereas  the  irregular  mass  of  an  invading  cancer 
of  the  bladder  shows  a  rough,  ragged  edge  if  it  has  grown  to  any 
extent.  But  in  the  early,  vital  stages  of  the  disease  the  radiologist 
may  be  hard  put  to  it  to  decide  which  condition  is  responsible. 
Fortunately,  the  bladder  is  not  as  inaccessible  as  the  kidney  area 
and  an  instrument  may  be  passed  through  the  penis.  The  urolo- 
gist can  then  observe  the  interior  of  the  bladder  and  see  whether 
he  must  deal  with  a  cancer  of  the  bladder  or  with  pressure  from 
the  prostate  gland. 

In  the  days  before  the  present  combined  assault  on  tuberculosis 
by  the  newer  drugs  and  techniques,  a  diagnosis  of  tuberculosis 
meant  marked  economic  hardship  to  the  patient,  including  at  least 
a  year  on  his  back  in  a  sanatorium.  He  was  effectively  separated 
from  career,  family,  and  the  usual  events  of  a  normal  life.  Even  at 
the  present  time,  with  remarkably  effective  antitubercular 
therapies  available,  a  diagnosis  of  tuberculosis  is  still  made  with 
considerable  concern  for  the  consequences.  The  earliest  sign  of 
tuberculosis  in  the  chest  is  the  appearance  of  a  small,  fluffy, 
grayish-looking  shadow,  usually  in  the  upper  lung  area.  This  same 
fluffy,  grayish  soft-looking  shadow  may  occur  in  early  pneumonia. 
It  may  be  simulated  by  a  defect  in  the  x-ray  film  or  technique. 
Patients  with  asthma  may  show  a  similar  shadow.  It  may  also  be 
imitated  by  an  unusual  scar  left  over  from  an  old,  healed 
inflammation. 
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In  the  examination  of  this  Httle  infiltration,  as  it  is  called,  the 
radiologist  must  explore  all  these  possibilities.  He  is  well  aware 
that  if  he  diagnoses  tuberculosis  and  the  shadow  is  really  only  a 
small  patch  of  pneumonia,  he  will  be  putting  the  patient  through 
an  unnecessary  and  extensive  treatment  with  economic  and 
emotional  penalties.  If  the  condition  is  a  simple  pneumonia,  it 
will  clear  up  under  proper  treatment  in  a  week  or  two.  Before 
making  a  diagnosis  of  active  tuberculosis,  therefore,  the  radiolo- 
gist will  call  upon  his  colleagues  for  assistance.  Numerous  other 
tests  will  be  done  before  the  diagnosis  is  made.  Usually,  however, 
the  tuberculosis  inquiry  is  initiated  by  the  radiologist  after  his 
examination  of  the  chest  film. 

Confusing  x-ray  evidence  also  confronts  the  radiologist  in  the 
typical  case  of  the  middle-aged  man  who  reports  to  his  doctor 
with  marked  pain  in  his  back,  radiating  down  one  or  both  legs. 
This  has  become  so  severe  and  disabling  that  he  is  afraid  to  walk. 
He  sometimes  finds  the  weight  of  his  body  excruciatingly  painful 
to  bear  and  wonders  whether  he  will  be  bedridden  for  the  rest  of 
his  life.  Under  these  circumstances,  there  will  be  an  x-ray  investi- 
gation of  the  spinal  cord  to  differentiate  two  principal  conditions. 
One  is  a  tumor  of  the  spinal  cord  and  the  other  a  herniated  disc. 
In  either  case,  both  fluoroscope  and  x-ray  films  show  a  partial  or 
complete  obstruction  to  the  passage  of  the  introduced  opaque 
medium  as  it  flows  up  and  down  the  spinal  cord. 

Unfortunately,  in  this  case,  the  anatomic  site  is  beyond  other 
methods  of  laboratory  investigation.  After  the  finding  of  the 
obstruction,  surgery  may  then  be  advised.  The  chief  x-ray  contri- 
bution here  is  that  the  radiologist  is  able  to  give  the  surgeon  the 
exact  location  of  the  disease.  He  may  be  unable  to  say  from  the 
films  whether  this  difficulty  will  turn  out  to  be  a  herniated  disc  or 
a  cancer  of  the  spinal  cord  or  surrounding  structures.  It  may  be 
said  in  passing  that  disc  disease  is  much  commoner  than  tumor 
and  the  usual  assumption  is  that  the  obstruction  is  due  to  a 
herniated  disc. 

Our  last  attention  is  to  an  area  of  considerable  diagnostic  im- 
portance called  the  mediastinum.  This  is  the  central  compart- 
ment in  the  chest,  between  the  lungs,  in  which  are  found  the 
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heart,  certain  lymph  glands,  the  great  blood  vessels,  and  some 
other  tissues.  Any  one  of  the  structures  in  this  compartment  may, 
on  occasion,  produce  a  malignant  tumor.  This  area  is  also 
affected  early  in  cancer  of  the  lung.  Hence  any  appreciable 
widening  or  increase  in  density  of  this  mediastinum  has  consider- 
able potential  importance.  Only  recently  a  young  orthopedic 
surgeon  came  rushing  into  a  radiologist's  office,  pale,  ashen,  in  a 
state  of  shock.  He  blurted  out  that  he  had  had  an  x-ray  done  in 
the  hospital,  had  seen  it  himself,  and  had  noticed  that  one  of  these 
mediastinal  shadows  was  enlarged.  He  was  certain  that  he  had 
an  early  lung  cancer. 

The  radiologist  took  additional  chest  films  and  verified  that 
the  left  side  of  this  mediastinum  was  more  prominent  than  it 
might  well  have  been.  However,  he  was  able  to  point  out  to  the 
young  surgeon  that  this  also  occurs  in  many  persons  and  is  usually 
representative  of  fibrotic  scarring.  This  scarring  stems  from  pre- 
vious inflammatory  disease  which  has  drained  into  the  lymph 
glands  in  that  hilus.  But  the  shadow  of  early  lung  cancer  may  be 
similar.  Special  procedures,  therefore,  are  usually  indicated  to 
separate  these  conditions.  Body-section  films  are  employed  with 
a  view  toward  detecting  calcium  in  the  enlarged  area. 

Even  when  all  tests  are  negative,  when  everybody  is  certain 
that  there  is  no  positive  sign  of  cancer  and  the  patient  has  been 
reassured,  the  radiologist  will  have  the  patient  return  in  three  to 
six  months  for  another  x-ray  in  order  to  see  if  there  has  been  any 
increase  in  size  of  the  hilus.  Increase  in  size  of  a  lesion  anywhere 
in  the  body  is  instant  notice  that  this  is  a  live,  growing  process — 
usually  cancer. 

To  recapitulate :  the  diagnosis  of  a  case  is  never  written  on  the 
x-ray  film  unless  the  condition  is  extremely  obvious.  To  arrive  at 
the  correct  diagnosis  involves  understanding  of  the  patient  as  a 
whole,  relating  the  x-ray  findings  to  the  patient's  symptoms  and 
other  medical  findings. 


CHAPTER  10 

CANCER  DETECTIVE 

The  American  Cancer  Society  estimates  that  one  in  every  four 
Americans  will  develop  cancer  at  some  time  in  his  life.  These 
figures  suggest  the  enormous  problem  that  cancer  presents  to  our 
society. 

The  disease  may  be  broken  down  into  two  main  groupings. 
The  first  of  these  has  to  do  with  cancer  in  a  localized  form  and 
the  second  has  to  do  with  cancer  after  it  has  seeded  out,  that  is, 
spread  to  some  other  part  of  the  body.  Once  the  seeding-out 
process  has  occurred  there  will  be  many  cancers,  which  have 
separated  off  from  the  original  one  and  have  been  transplanted 
via  the  circulatory  system  to  distant  parts  of  the  body.  When  this 
change  has  occurred,  the  disease  takes  on  the  utmost  gravity  and 
its  treatment  is  fraught  with  uncertainty.  Conversely,  if  the  disease 
is  confined  to  a  single  locality,  even  though  this  may  be  difficult 
to  reach,  there  is  every  hope  for  a  good  result  following  adequate 
treatment.  The  problem,  then,  in  our  present  state  of  knowledge, 
reduces  itself  to  discovering  the  cancer  before  the  seeding-out 
process  has  taken  place.  This  search  for  cancer  in  its  original  site 
is  intimately  tied  up  with  x-rays  and  their  early  diagnostic  value. 

Not  long  ago,  a  young,  husky  man  presented  himself  at  Bellevue 
Hospital  in  New  York  City  with  his  left  arm  hanging  hmply  by 
his  side.  He  had  been  playing  ball  with  his  young  son.  On  raising 
his  arm  to  throw  the  ball  he  heard  a  cracking  sound.  His  arm  fell 
limply  by  his  side  and  he  had  been  unable  to  raise  it  ever  since. 
It  was  painful  but  the  pain  was  bearable.  The  surprise  and  shock 
were  much  deeper.  This  man  was  x-rayed  and  upon  viewing  the 
wet  x-ray,  the  radiologist  recognized  a  fracture  but  saw  that  it 
was  not  the  usual  form  of  fracture.  This  fracture  had  penetrated 
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through  an  already  existing  bone  weakness,  which  looked  as 
though  there  were  a  spread  of  cancer  from  somewhere  in  the 
body,  possibly  from  the  kidney.  X-rays  of  the  kidneys  were  made 
and  these  showed  indeed  that  there  was  a  large  tumor  of  one  kid- 
ney. Here  was  a  case  in  which  the  primary  cancer  was  silent, 
causing  no  pain  or  distress  of  any  kind.  The  first  evidence  of  the 
disease  came  only  after  the  distant  spread,  and  too  late  for  the 
kind  of  therapy  that  is  at  our  command. 

It  is  such  silent  tumors  which  present  the  most  serious  threat  to 
the  health  of  our  citizens.  The  search,  therefore,  is  to  find  the 
tumor  in  its  original  site  before  seeding-out  has  taken  place.  The 
present-day  attack  on  this  problem  is  three-pronged:  (i)  survey; 
(2)  periodic  examination;  (3)  investigation  for  known  symptoms. 

Survey  x-rays  are  already  available  for  wide  sections  of  the 
population  because  of  the  intensive  fight  on  tuberculosis  and  the 
chest  x-rays  to  detect  it.  In  numerous  cases  the  initial  films  have 
been  supplemented  by  repeated  x-rays,  usually  on  a  yearly  basis. 
These  films  not  only  detect  tuberculosis  but  also  demonstrate  all 
the  structures  of  the  lung.  They  have  become  extremely  useful  for 
many  conditions,  among  them  heart  disease  and  cancer  of  the  lung. 

In  view  of  the  marked  increase  in  cancer  of  the  lung  which, 
within  a  decade,  has  gone  from  a  rare  and  unusual  finding  to  one 
of  relative  frequency,  any  unusual  shadow  in  the  lungs  in  an 
adult,  particularly  in  a  male,  must  be  considered  a  possible  tumor 
of  the  lung.  The  official  Philadelphia  chest-survey  program  found 
37  cases  of  lung  cancer  per  100,000  persons  examined,  based  on 
142,156  people  examined  at  random  without  respect  to  symptoms 
or  signs  of  disease.  For  males  over  45,  the  rate  per  100,000  was 
284  cases  of  cancer  of  the  lung.  There  was  no  significant  difiference 
between  white  and  nonwhite  individuals.  These  figures  contrast 
markedly  with  those  produced  in  the  Boston  survey,  where  a  rate 
of  only  7  cases  of  cancer  of  the  lung  was  discovered  per  100,000 
persons  x-rayed.  Perhaps  the  difference  has  to  do  with  the  age 
level,  since  the  figures  rose  markedly  for  men  over  age  45.  Un- 
fortunately, it  was  later  found  that  less  than  10%  of  those  who 
had  been  diagnosed  on  this  basis  were  alive  three  years  after  the 
diagnosis  had  been  made. 
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But  the  test  of  a  case-finding  procedure  is  not  merely  to  find  the 
case  but  to  effect  a  lowering  in  the  death  rate  due  to  the  disease.  It 
is  evident  that  the  death  rate  was  not  materially  affected  by  a 
survey  in  which  the  cases  found  were  already  well-established. 
In  view  of  these  findings,  an  entirely  new  project  was  organized 
in  Philadelphia  in  which  an  effort  was  made  to  x-ray  people  every 
six  months.  The  assumption  is  that  a  tumor  or  cancer  of  the  lung 
appearing  during  this  short  interval  would  indeed  be  an  early 
finding.  Here  one  might  reasonably  expect  an  increased  life 
expectancy  and  higher  cure  rate.  In  this  survey  in  Philadelphia, 
begun  by  a  small  grant  from  a  private  institution  and  the  Phila- 
delphia Tuberculosis  &  Health  Association,  medical  personnel 
was  set  up  to  handle  6,000  men  over  the  age  of  45  years  for  a 
period  of  ten  years. 

Another  part  of  the  body  where  survey  x-ray  methods  have 
been  tried  in  order  to  detect  cancer  is  the  stomach.  Here  the 
original  cancer  may  be  silent  for  a  long  time  and  may  spread 
early.  It  is  also  highly  resistant  to  radiation  treatment.  The  early 
diagnosis  of  the  disease  is  therefore  enormously  important.  There 
is  a  report  of  6,566  x-ray  examinations  of  the  stomach  done  on  a 
routine  basis  on  persons  with  no  stomach  complaints.  Of  the  entire 
number,  322  were  considered  to  show  enough  evidence  on  this 
limited  examination  to  warrant  the  more  complete  standard  form 
of  examination  of  the  stomach.  Among  these  322,  three  cases  of 
cancer  were  uncovered.  Finding  these  three  cases  in  this  way 
proved  expensive — for  each  cancer  found  the  cost  came  to  about 

$3,915- 

This  large  private  survey  has  not  been  duplicated  and  there  is 
no  immediate  prospect  of  a  similar  large-scale  study.  Radiologists 
and  other  workers  in  the  field  of  cancer  are  divided  on  the  value  of 
routine  survey  examinations  in  order  to  uncover  silent  cancer  of 
the  stomach.  They  are  convinced  that  some  way  must  be  found  to 
discover  early  cancer  in  the  stomach,  but  a  method  that  yields 
only  three  cases  out  of  6,566  may  not  be  a  sound  way,  economi- 
cally, of  discovering  early  tumor.  We  must  also  consider  the 
radiation  factor,  since  adequate  examination  of  the  stomach 
demands  numerous  x-ray  exposures. 


Fig.  38. — A  method  of  treating  deep-seated  cancer,  combining  the  application 
of  2-million-volt  x-rays  with  a  rotational  system  of  therapy,  is  now  in  use  at  the 
Hospital  of  Joint  Diseases  in  New  York  City.  In  use,  the  chair  is  rotated  while  the 
x-ray  shoots  its  cell-destroying  rays  into  the  cancer.  Surrounding  tissues  receive 
only  a  fraction  of  radiation  because  of  the  rotation  while  the  center  of  the  target 
gets  the  maximum  effect.  (Photograph  from  the  American  Cancer  Society.) 
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Fig.  39. — Cancer  deposits,  which  have  travelled  from   the   primary  point  of 
origin,  are  shown  dispersed  throughout  the  lungs. 
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Cancer  is  sought,  on  a  survey  basis  by  other  methods  than 
radiography,  in  many  parts  of  the  body.  Other  methods  are 
especially  useful  in  searching  for  uterine  cancer.  Slides  of  the 
secretions  from  the  uterus  are  made  and  are  examined  by  the 
Papanicolau  method  in  order  to  determine  the  possibility  of  early 
cancer.  There  have  also  been  large-scale  survey  studies  of  the 
rectum,  by  direct  visual  observation,  in  order  to  uncover  silent 
tumor  of  this  area.  The  method  of  specialized  routine  examina- 
tion has  definite  overall  application  in  the  search  for  early  cancer. 

The  periodic  generalized  health  examination  is  the  second 
avenue  of  approach  to  cancer  detection.  People  are  urged  to 
submit  to  an  annual  examination  in  order  to  detect  ill-health, 
particularly  cancer,  in  an  early  stage.  This  is  not  a  survey  of  one 
part  of  the  body  or  another.  This  is  the  periodic,  general  examina- 
tion in  which  an  interview,  a  medical  history,  and  a  full 
examination  are  conducted.  The  periodic  health  examination  is 
best  conducted  on  a  group  basis,  in  which  the  patient  is  examined 
by  a  number  of  specialists  and  is  exposed  to  a  battery  of  laboratory 
tests.  Perhaps  the  most  important  part  of  this  examination  is  the 
careful  medical  history  which  is  taken  by  the  interview  method. 
At  this  time  the  special  procedures  which  may  be  of  value  in  the 
individual  can  be  noted.  The  patient  will  then  go  from  specialist 
to  specialist  as  the  essential  points  in  his  individual  medical  history 
are  fully  investigated. 

It  is  unfortunate  that  group  practice  in  the  United  States  is  so 
sharply  limited.  Many  periodic  health  examinations  are,  per- 
force, limited  under  these  circumstances  to  the  family  doctor's 
office.  He  is  compelled  to  investigate  various  systems  which  might 
better  be  investigated  by  specialists  in  the  appropriate  fields.  In 
those  parts  of  the  country  where  group  medicine  is  practiced,  the 
patient  probably  has  a  better  opportunity  for  the  periodic 
examination  than  otherwise.  There  are  several  insurance  groups 
offering  this  kind  of  care.  In  addition,  several  of  the  larger  teaching 
hospitals  examine  patients  on  a  periodic  planned  basis. 

The  third  method  of  cancer  detection  is  conducted  on  the  basis 
of  specific  complaints.  The  American  Cancer  Society  lists  seven 
complaints  which  should  lead  to  the  patient  seeing  his  physician. 
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It  is  interesting  to  note  briefly  the  relation  of  x-ray  procedures  to 
the  seven  major  complaints. 

The  first  complaint  is  unusual  bleeding  or  a  discharge  from  an 
orifice  of  the  body.  If  the  blood  is  coming  from  the  bladder, 
x-ray  examination  of  the  kidneys  is  indicated.  If  the  bleeding  is 
from  the  mouth,  it  may  originate  from  lungs,  stomach,  esophagus, 
or  perhaps  the  upper  pharynx.  For  any  of  these  areas,  x-ray 
examination  is  indicated.  If  it  is  thought  that  the  blood  is  being 
coughed  up,  then  an  x-ray  examination  of  the  chest  is  certainly 
indicated.  If  it  is  thought  that  this  blood  is  coming  from  the 
stomach,  then  a  gastrointestinal  series  must  be  performed. 

The  second  complaint  of  which  the  American  Cancer  Society 
warns  is  that  of  a  lump  or  thickening  in  the  breast  or  elsewhere. 
A  lump  in  the  breast,  of  course,  is  best  investigated  by  actual 
physical  examination.  A  lump  or  swelling  elsewhere,  as  in  the 
thigh  or  leg,  may  relate  to  an  underlying  bone  tumor;  x-ray 
examination  is  the  best  and  most  direct  way  of  seeing  whether  this 
may  represent  positive  pathology  of  the  bones. 

The  third  warning  complaint  has  to  do  with  any  sore  that  does 
not  heal. 

The  fourth  is  a  persistent  change  in  bowel  or  bladder  habits.  A 
persistent  change  in  bowel  habits  (such  as  alternating  constipa- 
tion and  diarrhea  or  a  change  in  the  size  of  the  stool)  or  any  other 
abnormaUty,  such  as  bleeding,  should  of  course  be  investigated  by 
examination  of  the  rectum  by  the  finger  and  by  direct  visual 
examination  through  a  tube.  Following  this,  x-rays  by  means  of 
a  barium  enema  should  be  employed.  Similarly,  if  there  is  some 
disturbance  in  the  bladder  habits,  the  area  is  best  visualized  by 
taking  films  of  the  urinary  system,  first  without  contrast  material 
and  then  with  it. 

The  next  warning  complaint  is  that  of  persistent  hoarseness  or 
cough.  Cough,  of  course,  may  represent  cancer  or  a  lung  disease, 
and  for  either  condition  an  immediate  chest  film  is  indicated. 

The  sixth  warning  complaint  is  that  of  persistent  indigestion  or 
difficulty  on  swallowing.  These  symptoms  may  be  related  to  many 
conditions,  and  in  order  to  determine  them  x-rays  are  indispens- 
able. 
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The  seventh  warning  complaint  is  that  of  a  change  in  a  wart  or 
in  a  mole. 

A  review  of  these  seven  cardinal  points  of  cancer  detection  on 
a  symptomatic  basis  indicates  that  the  role  of  x-rays  in  determining 
the  nature  of  the  causative  agent  is  certainly  the  single  most 
widely  employed  diagnostic  tool. 

When  one  considers  early  diagnosis,  it  must  be  realized  that 
the  changes  seen  on  the  x-rays  in  very  early  cancer  cases  are  small 
and  sometimes  almost  indistinguishable  from  the  normal.  Yet  if 
one  waits  until  these  changes  are  easily  recognizable  and  are 
unmistakable,  it  will  probably  be  too  late  for  adequate  treatment. 
In  this  connection,  the  value  of  being  able  to  compare  current 
films  with  previous  normal  films  is  obvious.  A  small  shadow  in 
the  chest  may  represent  nothing  of  concern  if  it  has  been  present 
over  the  course  of  the  years  and  has  not  altered.  However,  if  the 
shadow  has  appeared  on  the  current  film,  and  previous  films  of  a 
year  ago  failed  to  show  it,  the  fact  that  it  is  new  will  have  con- 
siderable weight  in  determining  whether  surgery  is  necessary. 
Similarly  in  the  stomach.  Each  stomach  has  its  own  individual 
shape;  if  that  shape  is  known,  differentiating  early  cancer  becomes 
a  much  easier  problem.  Therefore,  x-ray  examinations,  even 
though  they  are  negative,  provide  a  valuable  baseline  reference 
for  future  symptoms  and  subsequent  examination.  For  this  reason, 
it  is  advisable  to  preserve  x-rays  for  a  considerable  period  of 
time. 

In  summary,  then,  the  three  major  methods  of  cancer  detection 
are  survey,  periodic  examination  and  investigation  for  known 
symptoms.  For  these  examinations  x-ray,  as  a  diagnostic  tool,  is 
the  single  most  widely  employed  weapon.  Perhaps  the  most  elo- 
quent exponent  of  the  periodic  examination  is  Dr.  Leo  G.  Rigler 
of  Minneapolis,  who  stated  "the  routine  roentgen  examination  of 
normal  individuals  has  been  characterized  as  neither  rewarding 
nor  productive.  Is  it  really  productive  to  find  a  lot  of  cancers  of 
the  lung  or  the  stomach  or  the  colon  that  are  incurable?  Our  only 
reward  is  that  we  can  say  to  the  patient  '  now  we  know  why  you 
are  going  to  die.'  What  we  commonly  call  productive  is  the  extra- 
dition of  a  large  amount  of  pathology  in  any  series  of  examinations. 
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Would  it  not  be  rewarding  to  find  one  minimal  case  of  tubercu- 
losis or  one  small  operable  cancer  of  the  lung  or  of  the  stomach, 
even  though  one  makes  many  hundreds  of  examinations  to  arrive 
at  this  goal?" 

Dr.  Rigler  believes,  in  company  with  many  other  physicians, 
that  cancer  must  be  diagnosed  before  it  becomes  symptomatic.  If 
we  are  to  make  any  real  progress  in  arresting  or  curing  this 
disease,  diagnosis  must  be  made  before  the  patient  has  some 
complaint  referrable  to  the  disease.  Though  there  are  areas  in  the 
body  where  the  x-ray  method  will  not  demonstrate  early  cancer, 
it  will  do  so  in  cancer  of  the  lung,  stomach  and  the  colon. 

But  we  need  to  be  aware  that  many  opponents  of  this  method 
feel  that  surveys  already  done  have  shown  a  yield  of  positive  cases 
disappointingly  small  from  an  economic  point  of  view. 

It  has  also  been  argued  that  early  discovery  has  no  apparent 
bearing  on  the  net  results  following  treatment  of  silent-cancer 
patients  as  compared  to  treatment  of  those  found  because  of 
symptoms.  In  this  connection,  the  following  quotation  is  represen- 
tative: "The  concept  that  the  early  diagnosis  of  carcinoma  of  the 
stomach  may  improve  the  end  result  is  not  only  fallacious  but  is 
in  fact  the  reverse  of  the  truth."  This  type  of  theorizing  is  a  result 
of  the  medical  philosophy  which  believes  that  in  cancer  the  result 
is  forecast  by  the  type  of  tumor  and  by  the  host  in  which  it  lodges, 
and  that  very  little  may  be  done  concerning  this  condition.  This 
view  is  seriously  challenged  by  Dr.  Rigler,  who  admits  that  there 
is  such  a  thing  as  biologic  determinism  but  feels  that  there  is  also 
an  appreciable  fraction  of  cases  in  which  the  early  finding  will 
favorably  affect  the  cure  rate. 

When  the  population  of  a  certain  community  first  undergoes  a 
periodic  health  examination,  the  survey  will  undoubtedly  un- 
cover many  tumors  which  have  been  present  for  some  previous 
time,  even  though  they  are  still  silent.  With  this  group  discovered, 
however,  subsequent  periodic  examinations  with  appropriate 
x-ray  procedures  will  uncover  a  higher  proportion  of  the  more 
minute  cancers,  and  then  the  problem  of  early  diagnosis  will 
arise.  It  is  aggravated  by  the  unfortunate  fact  that  in  routine 
examinations  the  doctor  sometimes  tends  to  take  a  less  critical 
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attitude  in  view  of  the  lack  of  symptoms.  Here  is  a  reversing  of 
values  because,  while  large  lesions  are  more  dramatic  than  tiny- 
ones,  the  results  of  treating  them  are  also  much  more  disappoint- 
ing. Every  effort  must  be  made  for  the  detection  of  these  minute 
lesions  so  much  more  susceptible  to  treatment.  The  medical  pro- 
fession will  have  to  school  itself  in  the  careful  scrutiny  of  the 
apparently  normal  film.  There  are  several  surveys  on  record  that 
tend  to  prove  these  points. 

To  assess  the  value  of  early-detection  methods,  it  is  useful  to 
compare  cancer  patients  in  two  categories:  (i)  those  whose 
operations  were  performed  before  any  symptoms  of  cancer  had 
become  manifest,  and  (2)  those  who  had  shown  symptoms  before 
the  operation.  In  the  cancer-detection  series  reported  by  Hitch- 
cock and  Sullivan,  93%  of  the  patients  in  the  first  category  were 
living  for  an  average  of  four  years  after  surgery  for  removal  of 
cancer  of  the  colon.  This  ratio  contrasts  with  only  36%  similarly 
surviving  among  those  in  the  second  category.  Of  patients  who 
had  had  surgery  for  cancer  of  the  rectum,  the  survival  rate  was 
78%  in  the  first  category,  33%  in  the  second.  In  the  University 
of  Minnesota  Cancer  Detection  Clinic,  38  patients  with  cancer  of 
the  stomach  were  discovered  following  routine  examination  after 
a  laboratory  test  of  the  stomach  had  indicated  that  there  might 
possibly  be  some  disease  process  present.  Follow-up  studies  indi- 
cated approximately  a  38%  five-year  survival  of  these  patients 
whereas  the  highest  survival  figure  for  patients  with  symptoms  in 
the  same  clinic  was  14%. 

Surely  these  figures  are  in  favor  of  the  periodic  health  examin- 
ation in  the  search  for  early  cancer.  Until  the  time  arrives  when 
some  more  effective  approach  to  the  cure  of  cancer  is  available, 
we  must  rely  upon  the  earliest  possible  detection  of  cancer.  There 
appears  to  be  no  substitute  for  x-ray  in  this  early  approach.  There 
are  those  who  will  cry  the  hazard  of  radiation  exposure.  However, 
people  in  the  age  groups  most  susceptible  to  these  tumors  are  also 
those  who  have  passed  the  reproductive  stage  and  for  these  age 
groups  such  an  approach  may  be  practical. 

Perhaps  the  periodic  health  examination  for  cancer  should  be 
applied  to  special  groups  of  the  population  on  an  age  or  incidence 
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level.  This  would  be  determined  by  the  type  of  tumor  to  which 
these  people  are  susceptible,  varying  from  country  to  country 
according  to  local  experience.  With  trained  observers  looking  for 
the  smallest  possible  lesion  and  with  early  treatment  we  may  hope 
to  favorably  affect  the  cancer  survival  rate. 


CHAPTER  11 

THE  HEALING  RAY 


A  little-known  effect  of  x-rays  is  the  alleviation  of  pain.  The 
exact  way  in  which  this  is  accomplished  is  not  understood,  yet  the 
relief  of  acute  distress  is  very  real.  Perhaps  the  best  example  of  this 
effect  is  in  relation  to  what  is  popularly  described  as  bursitis. 

In  bursitis,  there  may  be  a  deposit  of  calcium  in  the  soft  tissues 
adjacent  to  a  joint.  While  this  occurs  anywhere  in  the  body,  its 
most  frequent  site  is  in  the  shoulder  region.  The  deposition  of 
calcium  usually  follows  a  strain  of  the  joint  structures  but  the  pain, 
usually  acute,  may  be  delayed  for  years.  Bursitis  also  may  be 
responsible  for  a  less  acute  but  more  constant  type  of  chronic 
distress.  For  some  reason  most  sufferers  are  in  their  middle 
years. 

It  is  not  unusual  to  wake  in  the  morning  with  a  sudden  onset 
of  the  excruciating  pain  which  marks  this  disease.  The  slightest 
movement  is  unbearable  and  sufferers  hold  themselves  rigidly  in 
their  least  uncomfortable  position.  Patients  will  present  themselves 
in  their  doctor's  office  in  their  night  clothes  with  a  coat  about  their 
shoulders,  having  been  completely  unable  to  dress.  Frequently 
they  can  recall  no  previous  strain  or  injury  and  are  completely 
unprepared  for  the  extremes  of  pain  which  this  disease  produces. 

It  is  always  a  great  relief  to  the  patient  to  be  reassured  that,  as 
painful  as  this  condition  may  be,  it  is  not  serious  in  the  sense  of 
threatening  life  or  requiring  hospitalization.  A  series  of  x-ray 
treatments  directed  at  the  aching  shoulder  usually  relieves  the 
pain.  At  first  the  acute  lancinating  distress  disappears,  leaving  a 
deep,  dull  ache.  Under  further  treatment,  this  goes  also  and  the 
patient  is  enabled  to  move  normally  and  resume  his  occupation. 
The  calcium  at  the  joint  is  often  absorbed  and  disappears;  in 
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other  cases  it  remains.  The  fate  of  the  calcium  is  apparently 
unrelated  to  the  relief  of  pain  and  possibility  of  recurrence. 

Because  of  the  modern  tendency  to  reduce  radiation  exposure, 
other  methods  of  treatment  have  been  sought.  It  has  been  found 
that  injection  of  steroids  can  be  very  effective.  It  is  good  current 
practice  to  reserve  radiation  therapy  for  bursitis  for  those  cases 
not  responding  to  other  management. 

An  entirely  different  problem  and  one  which  requires  careful 
handling  is  that  of  deafness  in  a  child.  Many  children  have  been 
considered  retarded,  or  mentally  slow,  simply  because  they  were 
unable  to  hear  adequately  and  were  not  aware  of  what  the  teacher 
was  saying  to  them.  This  defect  has  come  to  be  more  carefully 
looked  for  and  more  frequently  found  by  routine  hearing  tests,  as 
educators  have  realized  that  impaired  hearing  may  be  responsible 
for  inferior  performance  in  school.  Often  the  poor  hearing  is  not 
caused  by  a  defect  in  the  hearing  mechanism  proper,  but  by  a 
blockage  of  the  canal  of  the  inner  ear  at  the  point  where  it  com- 
municates with  the  nose.  Here  the  obstruction  may  be  caused  by 
an  excess  amount  of  lymph  tissue  similar  to  the  adenoids.  Very 
fortunately  this  lymph  tissue  is  sensitive  to  x-ray.  With  careful 
treatment  the  x-ray  beam  will  reduce  the  volume  of  this  excess 
lymph  tissue  and  materially  help,  sometimes  completely  clear, 
the  hearing  difficulty.  The  children  thereafter  make  remarkable 
strides  in  school. 

Herpes,  popularly  called  "shingles,"  is  another  painful  con- 
dition which  is  helped  by  the  application  of  the  x-ray  beam.  The 
patient  complains  of  sharp  pain,  usually  on  the  chest.  Then  an 
outcropping  of  small  blisters,  from  which  the  term  "shingles"  is 
derived,  appears  on  the  skin  in  relation  to  the  painful  area.  Until 
the  blisters  appear,  the  diagnosis  may  be  in  doubt.  Once  these 
shingles  have  appeared  the  diagnosis  is  made  and  x-ray  treatments 
may  rapidly  effect  an  easing  of  the  pain. 

Another  condition  extremely  sensitive  to  x-ray  treatment  is 
found  in  infants.  Under  some  circumstances  a  gland  in  the  chest 
called  the  thymus  will  markedly  enlarge,  on  occasion  so  much 
that  it  interferes  with  breathing.  A  small  amount  of  radiation  will 
reduce  the  size  of  the  thymus  and  allow  resumption  of  normal 
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respiration.  An  enlarged  thymus  with  no  associated  symptoms  is 
not  treated  by  x-ray  therapy  so  as  to  avoid  unnecessary  exposure. 

Among  the  more  serious  conditions  that  may  be  treated  by  the 
x-ray  beam  is  inflammation  of  the  parotid  gland.  The  parotid 
glands  are  located  on  the  sides  of  the  face.  Occasionally  the  entire 
substance  of  one  of  the  glands  will  become  involved  in  inflamma- 
tion, producing  marked  sweUing  with  severe  pain.  This  pain, 
however,  is  not  the  most  serious  aspect.  Parotid  inflammation 
may  occur  in  association  with  surgery  on  some  other  part  of  the 
body  and  unless  treated  at  its  inception  may  produce  a  fatal  out- 
come. The  radiations  directed  at  this  enlarged  gland  will  diminish 
the  bulk  of  the  gland  and  ease  the  pain,  and  will  usually  result  in 
healing  of  the  inflammation. 

Several  well-known  radiologists  feel  that  the  judicious  applica- 
tion of  radiation  to  ovaries  and  pituitary  may  well  have  a  stimu- 
lating effect  upon  ovarian  function,  enhancing  the  possibility  of 
becoming  pregnant  for  women  whose  sterility  is  associated  with 
diminished  ovarian  function. 

Geneticists  and  others,  however,  feel  very  strongly  that  the 
possibility  of  radiation-induced  mutations  in  the  ovaries  should 
outweigh  all  other  considerations. 

Another  painful  condition  which  responds  to  radiation  treat- 
ment results  from  an  arthritic  condition  in  the  neck.  There  are 
small  openings  between  the  vertebrae  through  which  pass  the 
principal  nerves  from  the  spinal  cord.  Arthritis  will  occasionally 
partially  close  one  or  more  of  these  openings  with  resulting 
pressure  on  the  nerves.  The  resultant  pain  may  be  so  extreme  as 
to  disable  the  patient.  Radiation  in  this  condition  may  be  mark- 
edly beneficial  and  is  employed  when  other  means  fail. 

Another  and  very  unfortunate  variety  of  arthritis  known 
popularly  as  a  "poker-back"  spine  may  also  be  treated  with  the 
x-ray  beam.  In  this  advanced  arthritic  condition,  the  spine 
becomes  stiflfened  and  extremely  painful  and  the  patient  is  unable 
to  move  in  any  way.  This  condition  is  found  among  relatively 
young  adults  with  complete  incapacity  as  a  possible  outcome. 
The  x-ray  is  one  of  the  few  types  of  treatment  which  may  be  help- 
ful and  on  occasion  restores  function  and  Hmits  the  pain  that  such 
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arthritic  sufferers  must  endure.  Recent  work,  however,  indicates 
that  there  may  be  severe  reactions  to  heavy  doses  of  radiation 
when  directed  to  blood-forming  organs,  such  as  bones.  Present 
treatment  is  being  modified  with  this  in  mind. 

Back  pain  has  been  a  baffling  condition  in  many  instances 
because  of  the  variety  of  causes  which  may  bring  on  this  dis- 
comfort. One  cause  of  severe  back  pain  is  extremely  responsive  to 
treatment  by  the  x-ray  beam.  In  this  condition,  a  collection  of 
blood-vessels  grows  as  a  simple  benign  tumor  within  the  affected 
vertebrae  and  begins  to  displace  the  normal  tissue  inside  them. 
If  such  vertebrae  are  opened  surgically  a  soft,  very  vascular  area 
is  found,  which  bleeds  readily.  This  is  in  reality  a  tumor,  composed 
of  blood  vessels  growing  without  any  relationship  to  need ;  it  is 
called  a  hemangioma.  X-rays  have  a  particular  application  in 
such  a  tumor  because  the  cells  that  make  up  these  unwanted 
blood  vessels  are  extremely  sensitive  to  x-radiation.  The  patient 
may  have  exquisite,  excruciating  pain  radiating  down  from  the 
back  into  both  legs  and  may  be  suspected  of  having  a  variety  of 
diseases.  On  x-ray  examination,  a  characteristic  hemangioma 
shadow  will  be  seen  within  the  affected  vertebrae.  Focusing  the 
x-ray  beam  on  this  tumor  will,  in  a  short  time  reduce  its  size  and 
relieve  the  pressure  on  the  nerve  cord  which  has  been  exciting  the 
extreme  discomfort.  Many  such  patients  go  for  years  with  a  variety 
of  diagnoses,  varying  from  sacroiliac  sprain  to  a  slipped  disc,  until 
a  correct  diagnosis  is  made  and  a  relatively  simple  treatment 
applied. 

The  x-ray  beam  has  proven  itself  highly  therapeutic  in  skin 
diseases.  Indeed  the  skin  doctor,  or  dermatologist,  probably  uses 
x-ray  treatments  more  frequently  than  the  radiologist.  The  skin 
ailments  for  which  x-rays  are  of  marked  value  are  numerous. 

One  of  the  more  dramatic  effects  of  radiation  is  upon  extensive 
birthmarks.  Many  children  are  born  with  a  red  or  purple  dis- 
coloration, which,  in  some  instances,  effectively  deforms  large 
facial  areas  or  seriously  blemishes  other  parts  of  the  body.  These 
extensive  birthmarks  are  hemangiomas,  similar  to  those  that  occur 
in  the  vertebrae,  and  are  similarly  sensitive  to  the  x-ray  beam.  The 
child  who  commanded  pity  and  sympathy,  whose  face  showed  a 


THE  HEALING  RAY  103 

purple,  elevated,  irregular  discoloration,  may  have  this  reduced 
to  a  minimum  and  lead  a  normal  life  as  a  growing  child  and  adult. 
Innumerable  such  cases  have  benefited  by  the  skillful  employment 
of  radiation  therapy.  One  may  readily  imagine  the  amount  of 
psychological  suffering  which  has  been  relieved  by  improving  this 
condition. 

It  is  not  uncommon  to  see,  in  the  x-ray  department  of  any  large 
city  hospital,  a  number  of  children  undergoing  treatment  for  an 
itching  condition  of  the  scalp,  associated  with  falling  hair,  usually 
caused  by  one  of  the  fungus  diseases.  The  x-ray  method  is  em- 
ployed here  in  order  to  completely  eradicate  this  contagious 
infectious  process  which  may  occur  not  only  in  children  but  also 
in  adults.  In  order  to  accomplish  this  cure,  it  may  be  necessary  to 
temporarily  completely  denude  the  scalp  of  hair. 

The  dermatologist  may  use  the  x-ray  method  in  combating  the 
acne  seen  during  adolescence.  It  is  not  unusual  to  see  a  boy  or  girl 
whose  face  is  literally  a  mask  of  pimples  and  blackheads,  whose 
social  life  is  sharply  curtailed  by  these  deforming  pustules  and 
scars.  Any  measure  which  will  alleviate  this  condition  is  certainly 
worth  bringing  to  bear.  The  x-ray  is  by  no  means  a  panacea  but, 
combined  with  various  other  types  of  skin  care,  may  aid  in 
reducing  the  extent  and  severity  of  pimples. 

Young  adults,  particularly  males,  are  occasionally  prone  to  the 
large  abscesses  referred  to  as  carbuncles.  This  extremely  painful 
condition  may  occur  on  the  back  of  the  neck,  shoulders,  arms  or 
elsewhere  in  the  body.  It  consists  of  an  abscess  which  rapidly 
becomes  enlarged,  painful,  red,  and  inflamed  and  in  the  past  was 
treated  heroically  by  a  large  cross  incision  to  allow  for  open 
drainage.  Present-day  treatment  may  be  medical  rather  than 
surgical,  employing  radiation  and  drugs  of  the  mycin  family.  It  is 
a  satisfying  experience  to  watch  one  of  these  large  abscesses 
shrink  under  the  combined  assault  of  the  magic  drug  and  the 
x-ray  beam.  The  patient  loses  the  pain  and  the  sense  of  weakness 
and  lightheadedness  associated  with  a  general  infection.  When 
cured,  he  does  not  develop  the  marked  scarring  which  used  to  be 
associated  with  a  carbuncle. 

In    certain    African    tribes,   extensive    scarring   is    very    often 
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deemed  decorative  and  is  a  mark  of  prestige.  These  people 
deliberately  mutilate  the  skin,  sometimes  infecting  it,  in  order  to 
produce  large,  rubbery,  weltlike  scars  in  a  certain  style  or 
pattern.  Some  people  have  a  natural  tendency  to  produce  this 
kind  of  scar  or  keloid  tissue  which  in  our  society  is  not  desirable. 
They  may  develop,  from  a  minor  scratch,  a  thick,  rubbery,  dis- 
figuring growth  of  fibrous  tissue  which  hardens,  toughens,  and 
remains  for  the  rest  of  the  patient's  life.  This  becomes  very 
important  when  persons  who  are  keloid  formers  are  badly  burned. 
In  these  cases  a  large  area  of  scarring  and  ultimate  contracture 
may  result  in  marked  facial  deformity  as  well  as  functional  im- 
pairment. If  a  person  is  a  known  keloid  producer,  x-ray  therapy 
may  be  used  following  either  operation  or  accidental  injury,  in 
order  to  minimize  the  scar  formation.  While  the  scar  tissue  is 
developing  or  young,  the  x-ray  beam  may  well  limit  or  reduce 
the  extent  of  the  keloid  formation. 

It  would  be  impractical  to  list  all  the  skin  deseases  which  are 
benefited  by  x-ray.  But  it  is  necessary  to  mention  that  for  some 
patients  the  x-ray  method  is  not  suitable  at  all  and  should  be 
avoided.  Moreover,  owing  to  recent  work  on  radiation  hazards, 
an  increasing  number  of  doctors  are  convinced  that  radiation 
treatment  should  be  employed  in  nonmalignant  skin  conditions 
only  when  other  methods  fail  or  in  special  circumstances.  Even 
so,  radiation  is  a  valuable  method  of  treatment  when  judiciously 
employed  by  dermatologists  and  x-ray  specialists. 


CHAPTER  12 

X-RAYS  VERSUS  CANCER 


A  large  number  of  people  over  age  forty  visit  their  doctors 
nowadays  with  one  thought  uppermost :  does  that  vague  pain, 
that  discomfort  in  the  stomach,  that  bothersome  headache,  that 
feeling  of  fullness,  or  any  of  countless  other  signs  or  symptoms, 
signify  cancer?  Most  of  the  people  visiting  physicians  will  welcome 
any  other  diagnosis.  They  don't  mind  being  told  to  lose  weight, 
to  rest  more,  even  to  give  up  smoking,  but  they  wait  with  bated 
breath  for  that  fateful  word  from  their  physician  as  to  whether  he 
suspects  cancer.  This  is  not  to  say  that  cancer  disease  fails  to 
strike  persons  under  age  forty,  for  babies,  children,  and  young 
adults  have  been  stricken  by  various  forms  of  this  dread  scourge ; 
but  the  likelihood  increases  with  the  advance  of  the  years. 

To  many  people,  cancer  and  tumor  are  words  to  conjure  up 
terror.  To  most  the  word  tumor  means  cancer,  with  no  distinction 
among  the  various  kinds  of  tumor.  But  a  tumor  is  an  abnormal 
collection  of  cells  in  one  or  other  portion  of  the  body.  Such  a 
tumor  may  be  a  simple,  self-limited  type  of  growth,  or  it  may  be 
cancer.  Tumors  are  divided  into  these  two  large  groupings.  The 
first  group  is  designated  as  benign,  a  good  example  of  which  is  a 
wart  or  small  cyst.  A  wart  will  remain  a  nuisance  but  certainly 
presents  no  threat  to  the  duration  of  life  or  to  the  state  of  health. 

Cancer,  the  second  group,  is  also  a  collection  of  cells  but  it 
differs  from  the  wart  in  that  the  cells  in  a  cancer  do  not  stop 
reproducing  and  growing.  This  is  a  wild,  disordered  type  of 
growth  for  which  the  body  has  no  need.  It  is  as  though  the  growth 
mechanism  in  the  cancer  cells  has  lost  its  governor  or  controlling 
factor.  Not  only  do  these  cells  continue  to  grow  until  they  form 
a  large  mass  which  can  be  felt,  but  some  of  them  also  find  their 
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way  into  the  blood  system.  There  they  travel  to  portions  of  tRo 
body  and  seed  out,  forming  new  centers  of  growth.  It  is  when 
a  cancer  has  thus  disseminated  itself  over  the  body  that  the  treat- 
ment becomes  difficult  and  sometimes  impossible.  In  this  fact 
obviously  lies  the  paramount  reason  for  attempting  to  achieve  an 
early  diagnosis.  While  a  cancer  is  limited  to  one  area  it  may  be 
removed  by  surgery  or  destroyed  by  radiation. 

The  appearance  and  signs  of  cancer  depend  entirely  on  where 
the  cancer  originates  and  the  length  of  time  that  it  has  grown. 
Skin  cancer  is  an  example  of  the  type  of  tumor  that  is  found  early. 
A  person  may  come  in  to  see  his  doctor  saying  that  there  is  a  little 
sore  of  the  cheek,  the  tip  of  the  nose,  or  the  forehead.  This  has 
been  present  for  some  time  and  seems  to  be  getting  larger. 
Occasionally  it  bleeds  and  forms  a  scab.  The  scab  goes  away  but 
the  underlying  sore  remains.  It  has  a  raised,  rolled  edge  and  the 
patient  wonders  whether  something  can  be  done  about  it. 

The  doctor's  experienced  finger  and  eye  recognize  this  sore  as 
a  skin  cancer.  It  has  been  discovered  quite  promptly  because  it 
lies  on  the  surface  of  the  body.  If  this  same  cancer  were  deeply 
placed  in  the  body,  in  the  kidney  or  stomach  for  example,  it  would 
have  been  much,  much  larger  by  the  time  it  was  discovered.  In 
the  treatment  of  this  skin  cancer,  x-rays  may  be  employed  as  well 
as  other  methods.  If  x-rays  are  employed,  the  successful  treatment 
may  leave  no  scar  but  will  restore  a  smooth  surface  where  this 
cancer  had  once  existed.  The  treatment  is  effected  by  focusing  a 
powerful  beam  of  x-rays  upon  this  little  tumor.  The  objective  is 
to  destroy  the  tumor  cells  completely  but  to  maintain  the  normal 
living  cells  which  are  behind  and  around  the  skin  cancer. 

On  occasion,  a  patient  with  cancer  of  the  skin  will  show  a  large, 
ghastly,  seeping,  open,  toxic  wound.  He  may  have  neglected  it, 
or  it  may  have  been  treated  by  various  quacks  to  their  enrichment 
and  to  his  detriment.  By  the  time  the  radiologist  or  dermatologist 
sees  this  patient  there  is  an  extensive  open  wound  causing  con- 
siderable distress,  usually  complicated  by  infection.  But  even  a  large 
skin  cancer  may  be  treated  with  complete  success  by  radiation, 
for  it  is  a  fortunate  characteristic  of  skin  cancer  that  it  spreads 
rarely  and  only  very  late  in  the  disease  process.  Taking  advantage 
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1'  this  fact,  no  matter  how  large  the  disease  seems  to  be  on  the 
skin,  treatment  is  always  instituted  and  in  many  cases  is  entirely 
successful.  Indeed,  it  is  known  that  skin  cancer  is  more  susceptible 
to  cure  than  cancer  anywhere  else  in  the  body. 

One  member  of  the  cancer  group  that  strikes  young  children, 
usually  in  a  preschool  age,  is  a  particular  type  of  kidney  tumor. 
This  tumor  is  commonly  discovered  by  accident.  The  mother, 
bathing  her  child  and  soaping  its  abdomen,  becomes  aware  of  a 
large,  hard  mass  which  pushes  forward  from  deep  within  the 
abdomen.  Naturally  she  takes  the  child  to  the  doctor.  His  ex- 
perienced hand,  feeling  over  the  belly  and  noting  this  large  mass 
pushing  forward,  will  immediately  recognize  what  it  represents. 
The  mother,  anxiously  watching,  will  intuitively  feel  the  shock 
that  the  doctor  has  experienced  and  become  aware  of  the  serious 
nature  of  her  child's  illness. 

Such  a  patient  is  put  through  a  battery  of  tests.  When  the 
diagnosis  is  established,  he  is  usually  put  in  the  hands  of  an 
x-ray  specialist.  Treatment  is  directed  toward  accomplishing 
a  reduction  in  size  of  this  tumor  since  usually  it  is  too  large 
to  remove  from  the  abdomen  by  surgical  methods  alone.  The 
x-ray  beam  is  brought  to  bear  on  the  abdominal  mass  and 
after  it  is  shrunk  down  as  far  as  possible  the  surgeon  will  remove 
it.  Following  surgery,  the  child  will  be  radiated  again  in  an  effort 
to  destroy  any  cancer  cells  which  may  have  been  left  at  the  site 
of  this  tumor. 

The  kidney  is  subject  to  other  types  of  cancer,  which  are  not 
quite  as  dramatic  and  do  not  produce  quite  as  large  a  tumor 
mass.  Such  kidney  tumors  are  usually  found  in  adults.  The  treat- 
ment is  usually  surgery;  radiation  is  resorted  to  as  a  means  of 
preventing  regrowth  and  spread  to  other  parts  of  the  body. 

Sometimes  the  story  that  the  patient  recites  to  his  physician  is 
so  completely  characteristic  of  a  particular  type  of  cancer  that 
just  hearing  the  account  and  looking  at  the  patient  is  sufficient  to 
bring  the  true  picture  of  the  condition  to  the  listening  physician. 
An  older  man,  referred  for  examination  and  diagnosis,  affords  an 
example.  He  was  a  tall,  distinguished  man,  very  thin,  emaciated 
and  pallid,  a  worried  look  in  his  eyes.  His  shirt  collar  was  two 
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sizes  too  big,  his  clothes  hung  on  him,  and  his  every  motion 
required  obvious  effort.  His  story  was  as  typical  as  his  appearance. 

He  said,  "Doctor,  it's  funny — several  months  ago  I  began 
noticing  that  food  seemed  to  stick  somewhere  down  in  my  chest. 
When  I  swallowed  something  it  would  feel  as  though  it  had 
stopped  there.  I  thought  it  was  probably  just  nothing,  just  age. 
But  now  I'm  having  trouble  getting  down  even  a  swallow  of 
coffee." 

This  account  and  the  man's  appearance  are  enough  to  point  a 
large  finger  at  a  diagnosis  of  cancer  of  the  esophagus,  a  serious  and 
dreadful  disease.  The  surgeons  make  an  effort  to  remedy  it. 
However,  since  the  approach  to  the  esophagus  is  very  difficult 
because  of  the  heart,  blood  vessels,  and  lungs,  the  x-ray  beams 
usually  get  the  first  chance  to  deal  with  this  condition. 

In  this  man's  case,  after  the  diagnosis  had  been  verified  and 
the  exact  location  of  the  cancer  found  in  his  chest,  he  was  sub- 
jected to  two  months  of  daily  radiation  treatments.  The  beam  was 
directed  from  all  conceivable  angles  in  order  to  deliver  a  maxi- 
mum dose  to  the  cancer.  But  within  a  week  the  remaining  small 
opening  in  his  esophagus,  through  which  he  had  been  able  to 
swallow  a  small  portion  of  his  fluid  diet,  was  completely  closed. 
This  effect  had  been  anticipated,  since  one  of  the  earliest  effects 
of  the  x-ray  beam  is  to  cause  some  increase  in  swelling.  For  the 
next  five  weeks  he  was  fed  by  means  of  food  introduced  as  a 
solution  into  his  veins.  The  internes  and  residents  on  the  hospital 
ward  became  very  expert  at  finding  veins  that  would  still  tolerate 
their  injection.  His  sense  of  humor  remained  and  the  clear  amber- 
colored  fluid  that  nourished  him  daily  was  always  referred  to  as 
his  dinner. 

Still  the  treatments  continued,  although  the  patient  got  thinner 
and  weaker.  Finally  the  prescribed  course  of  radiation  was  finished 
and  the  check-up  diagnostic  x-rays,  to  everyone's  delight,  showed 
the  passage  in  his  esophagus  larger  than  before.  The  appearance 
of  the  cancer  was  not  as  sharp  as  it  had  been.  The  needles  were 
withdrawn  from  his  veins  and  he  was  allowed  to  have  some  fluid 
by  mouth.  The  happiness  on  the  face  of  this  man  was  a  miracle  as 
he  took  his  first  delicious  sip  of  coffee.  He  savored  it,  swallowed  it, 
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and  it  went  all  the  way  through  to  his  stomach.  Another  week  or 
two  and  the  work  of  the  x-rays  began  to  make  itself  really  felt. 
He  began  to  eat  soft-boiled  eggs  and  a  little  mashed  potato,  and 
every  day  he  sat  up  higher  in  his  bed.  His  neighbors  cheered  him 
on,  he  himself  felt  he  was  making  progress,  and  he  began  to  show 
a  slight  increase  in  body  weight.  Two  weeks  after  he  was  dis- 
charged from  the  hospital  a  complete  check-up  x-ray  examina- 
tion showed  no  trace  of  the  esophageal  cancer. 

The  consulting  doctors,  however,  were  guarded  in  their 
reception  of  this  good  report.  They  realized  that  the  chance  that 
the  tumor  would  return  was  very  likely.  Their  thinking  was  based 
on  its  resistant  nature  and  because  it  had  been  growing  for  some 
time  before  the  patient  had  begun  to  suspect  it.  There  had 
probably  been  some  spread,  with  glandular  involvement.  So,  some 
eight  months  later,  this  man  came  back  and  said,  "I'm  afraid  I 
feel  some  difficulty  in  swallowing  again."  He  had  had  eight  good 
months  with  a  return  of  vigor  and  he  looked  stronger.  But  the 
disease  had  returned.  Though  he  was  treated  again,  the  cells  were 
more  resistant  this  time  and  the  result  was  not  as  successful. 

A  different  variety  of  cancer  strikes  the  lymph  glands  through- 
out the  body.  These  lymph  glands  are  small  putty-colored  collec- 
tions of  tissue.  They  can  be  felt,  at  least  in  some  areas,  on  any 
average  person.  They  are  located  exteriorly  in  the  groin  area, 
under  the  armpit,  and  along  the  neck.  They  are  the  first  line  of 
defense  against  disease  and  act  as  a  screen  to  keep  infection  from 
entering  the  other  portions  of  the  body.  It  is  commonplace  to 
feel  them  under  the  sides  of  the  chin  during  episodes  of  severe 
sore  throat.  This  variety  of  cancer  may  involve  the  glands  in  many 
different  areas  throughout  the  body  or  may  at  times  be  limited  to 
one  area  in  the  very  beginning  of  the  disease.  The  patient  may 
notice  suddenly  that  his  collar  will  not  close.  Instead,  or  in  addi- 
tion, he  may  remark  a  swelling  under  the  arm;  he  may  notice 
enlarged  glands  along  one  or  other  side  of  the  groin  area.  In  the 
absence  of  infection  or  other  cause,  the  physician  will  usually 
request  that  one  gland  be  removed  and  examined  under  a  micro- 
scope. This  microscopic  examination  is  performed  by  a  skilled 
pathologist.  When  this  particular  type  of  cancer  is  diagnosed,  the 
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patient  is  treated  almost  exclusively  by  one  or  other  form  of 
radiation. 

If  the  disease  is  sharply  limited  to  one  area  and  has  been  caught 
early  enough,  the  radiation  is  directed  mercilessly  at  this  cancer. 
Sometimes  the  tumor  will  be  extirpated  and  the  patient  will  have 
a  long  life  ahead.  In  almost  all  cases,  the  x-ray  beam  will  mar- 
velously  shrink  the  glands,  the  normal  contours  of  arm  or  neck 
will  be  restored,  the  patient  will  be  able  again  to  close  his  collar, 
and  for  some  lengthy  interval  will  be  completely  free  of  known 
disease.  When  the  swellings  threaten  again,  x-ray  may  again  be 
employed. 

Chemical  agents  that  reduce  the  tumors  have  also  been  recently 
introduced.  These  are  used  sometimes  alternately  with  radiation, 
sometimes  before  or  after,  depending  on  the  resistance  of  the 
cancer  cells  to  the  x-ray  beam.  In  any  case,  radiation  will  almost 
surely  make  the  patient  more  comfortable  and  lengthen  his  life 
when  employed  against  this  particular  variety  of  cancer. 

Women,  who  are  much  less  likely  than  men  to  incur  cancer  of 
the  lung,  esophagus,  and  stomach,  have  their  own  areas  of  special 
vulnerability.  Such  organs  as  the  breast,  cervix,  uterus,  and 
ovaries  unfortunately  more  than  make  up  for  women's  relative 
immunity  in  the  fields  where  men  are  most  frequently  attacked. 

Cancer  of  the  breast  is  found  frequently  by  the  patient  herself, 
especially  since  the  widespread  effort  to  teach  women  the  art  of 
self-examination.  A  thorough  search  of  the  breast  must  be  made 
to  discover  any  painless  lumps  that  may  exist.  Such  a  painless 
lump,  once  found  and  referred  to  the  physician,  may  immediately 
be  operated  upon. 

In  many  cases,  the  employment  of  radiation  following  breast 
surgery  is  indicated.  Its  function  ranges  from  prophylaxis  to  aiding 
in  the  extirpation  of  remaining  tumor  cells.  The  latter  is  especially 
important  when  there  is  a  widespread  tumor  mass  or  when  the 
surgeon  has  been  unable  to  completely  remove  the  entire  tumor. 
The  patient  then  is  radiated  through  several  skin  areas.  Usually 
the  skin  will  turn  a  deep  brown  and  may  blister  with  some  dis- 
comfort. All  these  things  must  be  tolerated  and  borne  so  that  any 
residual  cancer  cells  may  be  destroyed. 


X-RAYS  VERSUS  CANCER  iii 

Medical  theories  change  and  differ.  There  is  now  a  school  of 
radiation  doctors  who  believe  that  tumor  of  the  breast  may  be 
treated  very  effectively  with  radiation  therapy  in  the  primary 
role  rather  than  the  follow-up  treatment  after  radical  surgery. 
Overseas,  particularly  in  England  and  in  Scotland,  it  has  become 
an  accepted  method  of  treatment  for  the  tumor  operation  to  be 
relatively  minor  and  for  the  radiant-energy  part  of  the  treatment 
to  be  much  more  radical  and  thorough.  The  statistics  from  these 
various  methods  of  treatment  are  now  being  assessed  and  out  of 
this  newer  work  will  undoubtedly  come  some  modification  of  the 
methods  of  treatment  in  vogue  today. 

The  cervix,  a  common  site  of  cancer  in  women,  is  located  at  the 
entrance  into  the  uterus  from  the  vagina.  This  region  is  so  often 
a  cancer  site  that  standardized  types  of  treatment  have  been  set 
up  which  differ  little  from  country  to  country  all  over  the  world. 
It  is  generally  assumed  that  in  this  area,  radiation  treatment  by 
the  x-ray  beam  and  by  radium  is  superior  to  treatment  by 
primary  surgery.  The  first  attack  against  cancer  of  the  cervix  is 
by  means  of  radium  either  preceded  or  followed  by  a  course  of 
radiation  therapy  from  the  x-ray  beam.  The  results  are  usually 
very  good.  In  those  cases  that  are  diagnosed  early  and  before 
spread,  there  is  good  chance  of  a  complete  cure.  The  possibility  of 
a  complete  cure  diminishes  as  the  disease  progresses.  This  change 
emphasizes  again  the  importance  of  early  diagnosis.  The  character 
of  treatment,  its  extent  and  duration,  and  the  outcome  of  the  case 
bear  directly  on  the  early  diagnosis. 

Radiation  may  also  be  used  for  cancer  of  the  lung.  However, 
the  lung  tumor  is  so  resistant  and  so  tough  that  the  effective 
method  is  surgery,  following  early  diagnosis.  In  the  event  that 
surgery  is  not  possible,  or  as  a  follow-up  to  surgery,  x-ray  beams 
are  directed  at  the  tumor  or  at  the  operative  site  in  an  effort  to 
check  its  growth  or  to  diminish  its  size.  In  this  connection,  it  is 
interesting  to  note  the  amount  of  diagnostic  importance  accorded 
to  a  history  of  heavy  smoking.  If  the  patient  complains  of  pain  in 
the  chest,  of  a  cough  and  some  weight  loss,  all  these  things  may 
point  to  a  possible  cancer.  When  the  patient  further  reports  that 
he  has  smoked  two  or  three  p>ackages  of  cigarettes  a  day  for  the 
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past  twenty  or  thirty  years,  the  examining  physician  perks  up  his 
ears,  orders  x-rays  of  the  lungs,  and  immediately  begins  to  think 
of  getting  in  a  chest  surgeon  to  see  this  patient.  Cigarette  smoking 
hardly  seems  worthwhile,  somehow,  knowing  the  toughness  of 
cancer  of  the  lung  and  its  remarkable  resistance  to  x-ray  and  other 
forms  of  treatment. 

Cancer  of  the  brain  differs  considerably  from  cancer  in  other 
parts  of  the  body.  Since  the  brain  is  encased  in  a  solid,  closed,  hard 
structure,  the  skull,  any  growing  tissue  within  the  skull  com- 
presses the  normal  brain  tissue  and  thus  becomes  a  menace  to  life. 
Though  tumors  of  the  brain  very  rarely  spread  to  other  parts  of 
the  body,  a  growing,  expanding  mass  within  the  closed  skull 
cannot  be  tolerated.  Some  types  of  brain  cancer  are  extremely 
sensitive  to  the  x-ray  beam  and  radiation  will  produce  marked 
shrinkage  of  the  tumor  mass.  The  patient  thus  treated  will 
apparently  recover  and  may,  for  a  time,  resume  his  normal 
activity.  With  any  return,  however,  of  such  symptoms  as  limited 
vision,  headache,  vomiting,  or  dizziness,  and  with  positive  x-ray 
findings  corroborated  by  other  tests,  it  may  be  that  surgery  will 
have  to  be  employed.  The  skull  is  opened  in  order  that  the 
growing,  expanding  tumor  may  be  removed  and  the  pressure 
relieved  on  the  compressed  normal  brain  structures.  For  the  total 
extirpation  and  cure  of  a  tumor  of  the  brain  careful  evaluation  is 
needed  to  determine  whether  surgery  or  radiation  or  a  combina- 
tion of  these  two  powerful  tools  is  needed.  Radiation  therapy  may 
be  employed,  in  many  instances,  to  shrink  the  mass,  to  mitigate 
the  symptoms  and  to  make  the  remainder  of  the  patient's  life  as 
comfortable  and  as  happy  as  possible. 

A  most  resistant  type  of  cancer  is  that  of  the  bone.  When  a 
patient,  usually  a  young  adult,  comes  to  see  him  with  a  large 
painless  swelhng  of  the  arm  or  leg,  the  doctor  is  alerted  to  bone 
cancer.  When,  in  addition,  the  swelhng  is  not  associated  with  an 
accident,  fall,  or  blow,  he  is  further  worried.  He  is  sure  if,  on 
feeling  this  swelhng,  he  finds  an  underlying  hard,  impenetrable 
mass.  The  x-ray  film  will  then  almost  surely  show  the  character- 
istic picture  of  bone  cancer,  in  strict  terminology  sarcoma  of  the 
bone. 
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For  treatment,  surgery  must  be  employed  because  directing  an 
x-ray  beam  at  cancer  cells  in  bone  is  a  good  deal  like  attempting 
to  penetrate  a  concrete  wall  by  dropping  water  on  the  surface. 
However,  after  the  surgery  is  done,  x-rays  may  be  used  to  radiate 
the  avenues  of  escape  along  which  cancer  cells  from  the  bone 
usually  travel.  This  treatment  will  include  local  and  distant  areas 
of  spread.  Despite  all  treatments,  however,  cancer  of  the  bone 
remains  a  most  difficult  problem. 

This  chapter  can  close  on  a  note  of  hope.  We  must  remember 
that  theoretically  it  is  possible  to  cure  any  cancer  if  that  growth  is 
discovered  early  enough,  that  is,  before  distant  spread  has  occurred 
and  when  it  can  be  removed  entirely  by  surgery  or  utterly 
destroyed  by  the  effect  of  ionizing  radiation.  With  this  thought  in 
mind,  all  the  possible  avenues  to  early  diagnosis  must  be  pursued 
with  the  greatest  skill  and  perseverance. 


CHAPTER  13 

PICTURES  OF  PICTURES 


The  casual  visitor  to  an  art  museum  accepts  without  question 
the  authenticity  of  the  numerous  famous  paintings  attributed  to 
the  old  masters.  He  assumes  that  the  placard  below  the  painting 
names  the  artist  who  really  made  that  painting.  However,  behind 
this  designation  of  the  artist  lies  a  detective  process  that  includes 
both  careful  documentation  and  laboratory  science. 

Among  the  laboratory  aids  for  discovering  or  verifying  the 
authorship  of  a  painting,  first  and  foremost  is  the  x-ray.  Chemical 
analysis  and  various  other  laboratory  methods  are  secondary.  All 
laboratory  methods,  concededly,  may  fail  or  may  produce  only 
inconclusive  clues.  The  ultimate  decision  in  such  a  case  will 
depend  upon  the  experienced  eye  and  informed  background  of 
the  art  detective,  who  will  call  upon  his  years  of  observation  and 
his  knowledge  of  the  previous  work  of  the  master  in  question. 

But  the  employment  of  the  x-ray  beam  has  resulted  in  a  remark- 
able stride  forward  in  this  correct  attribution  of  paintings,  for  it 
enables  us  to  look  through  the  surface  paint.  By  so  doing  we  see 
the  underlying  basic  fundamentals  in  the  structure  of  the  painting, 
only  hinted  at  by  its  surface. 

Several  qualities  of  paintings  affect  the  usefulness  of  the  x-ray 
method.  The  lead  and  mercury  content  of  the  paints  is  the  chief 
determining  factor  in  being  able  to  distinguish  the  various  com- 
ponents of  the  painting,  owing  to  the  marked  difference  in 
contrast  produced  on  x-ray  film  by  lead  and  mercury.  Of  the 
mercury  paints,  an  example  is  vermilion;  lead  is  the  basis  of 
massicot  and  white.  The  old  masters  used  white  leaded  paint  to 
shape  and  delineate  the  underlying  structure  of  their  paintings. 
In  some  cases,  the  artist  filled  his  canvas  with  a  priming  coat  of 
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thick  white  lead.  This  kind  of  prime  coat  may  be  thick  enough  to 
obliterate  and  obscure  x-ray  findings ;  therefore  paintings  done  on 
paneling  may  be  more  suited  to  x-ray  study. 

Qualities  of  the  individual  painter  that  help  in  identifying  his 
works  are  his  brush  work  and  brush  technique.  These  may  differ 
as  between  the  surface  and  interior,  the  latter  appearing  to  the 
x-ray.  The  x-ray  may  also  perceive  the  efforts  to  create  and  the 
difficulties  in  the  creation  of  a  painting.  These  creative  difficulties 
are  suggested  by  the  number  of  changes  made  during  the  painting. 

These  factors  all  enter  into  the  analysis,  for  example,  of  Veronese 
and  his  painting  of  "Mars  and  Venus."  The  painting  shows  the 
affectionate  positioning  of  Mars,  Venus,  and  Cupid,  with  Mars' 
steed  as  part  of  the  background.  Veronese  had  been  considered  by 
most  critics  as  a  facile  artist — one  who  used  broad  easy  strokes 
and  in  whose  work  there  was  an  apparent  absence  of  thoughtful 
effort.  He  was  considered  a  superficial  type  of  artist.  X-ray 
analysis,  however,  of  the  "Mars  and  Venus"  demonstrated  several 
startling  revelations.  In  the  successive  stages  of  this  painting,  un- 
covered by  the  x-ray,  considerable  shift  is  found  in  the  position  of 
Venus.  Her  poses  became  successively  more  dignified,  beautiful, 
and  gracious  as  the  painting  assumed  its  final  form.  Cupid  had 
been  introduced  only  at  the  last  and  in  the  surface  of  the  painting. 
The  draping  of  Venus  shows  a  progressive  change  in  position  and 
in  extent.  Thus  a  new  insight  into  the  effort  and  though tfulness 
that  was  put  into  the  production  of  "Mars  and  Venus"  has  been 
achieved.  In  the  past,  previous  methods  were  unable  to  see  these 
inherent  traits  in  the  work  of  Veronese.  The  x-ray  analysis  of  this 
painting  has  considerably  changed  the  critical  estimation  of 
Veronese  as  an  artist.  It  has  made  many  critics  consider  that 
their  impression  of  his  superficiality  may  have  been  erroneous. 

Many  works  of  the  old  masters  have  gone  through  the  hands  of 
retouchers.  When  one  considers  the  handHng,  the  years  and  the 
exposure,  it  would  be  unusual  for  the  paintings  to  retain  the 
surface  and  the  color  which  they  originally  had.  Many  works  of 
art  have  needed  to  be  retouched  and  repaired  for  a  variety  of 
reasons.  Often  the  retouching  artist  was  indifferent  to  the  value 
of  the  master  painting  or  the  owner  was  eager  to  have  his  painting 
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appear  free  from  defect,  and  the  original  was  overpainted  or 
changed.  In  consequence,  a  major  research  task  for  the  x-ray 
method  has  been  to  see  through  work  of  the  retoucher  and  the 
repair  studio  to  the  real  painting. 

In  many  instances,  paintings  have  been  recovered  in  which  the 
entire  central  theme  has  been  changed  by  the  retoucher.  The 
original  form  was  discovered  only  because  it  was  visualized  on  an 
x-ray  film.  The  x-ray  has  revealed  completely  different  paintings, 
sometimes  more  valuable  than  those  painted  on  top  of  them.  This 
kind  of  change  is  not  limited  to  the  picture  itself  In  one  famous 
study  by  Rembrandt,  x-ray  revealed  that  additional  canvas  of  a 
modern  type  had  been  stitched  around  the  original  picture.  This 
new  canvas  had  then  been  painted  over  in  order  to  make  the 
picture  conform  to  an  oval  pattern  in  keeping  with  the  taste  of 
the  past  owner  but  actually  distorting  the  original  intent  of  the 
artist. 

An  excellent  example  of  this  form  of  repainting  was  discovered 
in  the  National  Gallery  of  Scotland  in  Edinburgh.  During  a  casual 
visit,  the  noted  critic  Martin  DeWild  looked  at  a  certain  painting 
attributed  to  Frans  Hals.  The  picture  showed  a  man  holding  a 
wine  glass  in  his  right  hand,  wearing  a  red  cap  which  looked  as  if 
it  might  have  been  painted  over  the  man's  hair.  DeWild  suspected 
that  the  hat  may  have  been  superimposed  to  cover  a  defect  or  to 
otherwise  alter  the  original  painting.  In  addition,  the  wineglass 
appeared  to  be  of  draftsmanship  inferior  to  the  rest  of  the  painting. 
However,  this  information  that  he  gleaned  from  the  painting  itself 
was  insufficient  to  justify  any  more  drastic  investigation. 

Shortly  afterward,  however,  an  interesting  etching  turned  up  in 
Holland,  a  purported  rendering  of  a  painting  by  Frans  Hals  called 
*'The  Toper."  The  etching  had  a  fairly  close  resemblance  to  the 
Hals  painting  in  Edinburgh,  except  that  the  etching  had  no  hat  and 
a  ram's  horn  appeared  in  the  place  of  the  wineglass.  Otherwise,  no 
known  original  corresponded  to  the  etching.  With  all  this  evidence 
at  hand,  critic  DeWild  appealed  successfully  to  the  governing 
board  of  the  National  Gallery  to  allow  x-ray  studies  of  its  Hals 
painting.  These  radiographs  were  taken  in  the  Royal  Infirmary  of 
Edinburgh  with  the  assistance  of  Dr.  Woodburn  Morrison.  To 
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everybody's  surprise  except  DeWild's,  the  drinking  glass  painted 
on  the  surface  gave  way  to  a  ram's  horn  in  the  man's  right  hand, 
corresponding  to  that  in  the  recently  discovered  etching.  The 
original  Hals  painting  had  been  painted  over  and  altered,  for 
various  obscure  reasons,  into  its  present  shape.  DeWild  was  able 
to  persuade  the  governing  board  of  the  National  Gallery  to  allow 
him  to  begin  work  on  the  painting.  Within  a  relatively  short 
time  he  had  removed  the  surface  paint  and  revealed  the  original 
conception,  incomparably  superior  to  the  doctored  one. 

"Retouching,"  "repair,"  and  "improvement"  of  this  kind 
shade  into  outright  forgery.  On  occasion,  a  forger  may  secure  a 
genuine  old  master  showing  considerable  damage.  He  will  attempt 
to  retouch,  repaint,  and  restore  until  the  painting  superficially 
resembles  its  original  concept.  In  such  an  instance,  as  in  several 
authentic  cases,  the  x-ray  is  able  to  differentiate  between  the  part 
of  the  painting  which  is  genuine  and  the  part  which  has  been 
reconstructed. 

Forgery  in  painting  goes  back  hundreds  of  years  and  is  some- 
times associated  with  the  desire  of  foreign  tourists  to  bring  home 
the  best  of  what  they  see.  The  native  artists  copy  the  best  works 
of  famous  painters  of  their  country  and  sometimes  pass  these  off 
as  originals.  Picture  copying  and  picture  forging  can  be  financially 
rewarding.  Copies  of  paintings  are  not  necessarily  forgeries.  It 
was  common  for  a  Renaissance  artist  to  copy  his  own  pictures  if 
he  found  any  particular  painting  popular.  In  addition,  his  pupils 
would  make  acknowledged  copies  of  his  paintings,  often  bearing 
the  initials  or  signature  of  the  copying  artist  or  pupil.  With  the 
passage  of  time,  it  sometimes  became  uncertain  which  was  a  copy 
and  which  was  the  original.  Forgers  could  and  did  take  advantage 
of  such  confusion,  and  leaders  in  the  dubious  profession  became 
more  and  more  expert.  They  could  not  only  copy  pictures  but 
could  also  imitate  old  media  and  could  simulate  the  aging  process 
well  enough  to  make  a  modern  painting  the  plausible  semblance 
of  a  work  four  hundred  years  old. 

The  most  famous  of  modern  forgers,  perhaps  the  most  skillful 
art  forger  of  all  time,  was  exposed  through  no  suspicion  of  forgery 
but  by  an  entirely  extraneous  circumstance.  Hans  van  Meegeren 
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was  put  on  trial  in  the  Netherlands  in  1 947  for  collaboration  with 
the  Nazis.  A  painting  with  a  Vermeer  signature  had  been  sold  by 
van  Meegeren  to  Marshal  Goering  and  was  found  in  his  $500 
million  private  art  collection.  There  was  also  a  receipt  for  more 
than  $600,000  paid  for  the  "Vermeer"  painting  of  "Christ  and 
the  Adulteress." 

Van  Meegeren  was  accused  of  dealing  with  the  Nazis,  presum- 
ably acting  as  a  go-between  to  consummate  the  deal.  "I  am  not  a 
collaborator,"  he  told  the  judge.  "I  painted  'Christ  and  the 
Adulteress'  myself." 

In  the  ensuing  weeks  van  Meegeren  was  thought  to  be  a  mad- 
man, especially  when  he  insisted  that  he  had  also  painted  "Christ 
at  Emmaus,"  signed  Vermeer;  "The  Card  Players,"  signed 
de  Hoogh;  "A  Drinking  Party,"  signed  de  Hoogh;  "Christ's 
Head,"  signed  Vermeer;  "The  Last  Supper,"  signed  Vermeer; 
"Isaac  Blessingjacob,"  signed  Vermeer;  "The  Washing  of  Christ's 
Feet,"  signed  Vermeer — all  in  addition  to  the  "Christ  and  the 
Adulteress,"  signed  Vermeer  and  sold  to  Goering.  These  pictures 
had  been  sold  for  more  than  $3  million;  van  Meegeren  himself 
probably  received  about  $2  million  of  this. 

During  a  number  of  hearings,  conducted  with  intense  public 
interest,  van  Meegeren  said  that  he  had  studied  painting  as  a 
youth  but  that  he  had  been  harshly  rated  by  the  art  critics,  who 
held  out  no  great  future  for  him.  He  then  resolved  to  prove  to  the 
world  that  they  were  wrong:  to  imitate  the  style  of  a  great 
seventeenth-century  artist  and  to  sell  the  work  as  genuine,  securing 
the  critics'  acceptance  of  it  as  authentic.  Then  he  planned  to 
declare  himself  the  artist,  refund  the  money  and  thus  demonstrate 
his  own  merit  and  the  critics'  inability  to  correctly  assess  his  talents. 

It  took  him  four  years  to  perfect  a  technique  which  would 
simulate  the  painting  of  Vermeer  beyond  detection.  Finally,  this 
"  Christ  at  Emmaus"  was  sold  for  more  than  $200,000  and  all  the 
critics  hailed  it  as  genuine. 

Now  van  Meegeren  stood  at  the  crossroads:  he  could  expose 
himself  and  the  critics  or  he  could  keep  the  money  and  continue 
the  forgeries.  He  chose  the  latter  and  led  the  life  of  a  wealthy  man 
in  the  ensuing  years. 
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During  the  investigation  he  became  a  public  hero  because  of 
his  skill,  his  defiance  of  critics,  and  his  sacrifice  to  avoid  the 
collaborator  stigma. 

At  the  trial  the  use  of  x-ray  evidence  demonstrated  the  outline 
of  old  paintings  beneath  van  Meegeren's  pictures.  They  also 
showed  the  truly  old  paint  from  the  remains  of  the  originals 
which  he  had  obliterated.  lie  was  sentenced  to  jail  but  died 
shortly  afterwards  of  a  heart  attack. 

The  van  Meegeren  experience  convinced  people  in  the  art 
world  of  the  need  for  great  care  in  authenticating  paintings  and 
increased  the  demand  for  x-ray,  infrared  rays,  and  other  aids  in 
this  work. 

Except  to  the  very  gullible,  forgers  can  no  longer  sell  a  super- 
ficial copy  or  even  a  good  imitation  of  an  original  painting  by  one 
of  the  old  masters.  X-rays  penetrate  the  surface  and  look  for  the 
signs  of  genuineness  in  the  build-up  of  the  underlying  layers,  in 
the  composition  of  paints,  in  the  canvas  and  backing.  All  these 
are  analyzed  both  visually  and  by  x-ray  for  compatibility  with 
the  paintings  done  in  those  previous  days.  In  addition  the  basic 
brushwork,  the  detail,  and  the  type  of  construction  are  criteria 
for  identification. 

The  value  of  this  x-ray  method  has  been  proved  on  several 
occasions  by  x-raying  a  painting  and  then  successfully  removing 
the  paint  from  the  surface  to  reveal  for  the  naked  eye  the  various 
layers  recognized  in  composite  on  the  x-ray  film.  When  the  x-ray 
method  was  first  proposed  and  little  was  known  about  the  possible 
effects  of  x-rays,  several  authorities  voiced  considerable  concern 
that  the  x-rays  would  damage  the  painting.  They  thought  in 
terms  of  precipitation  of  pigment  and  felt  that  the  more  valuable 
paintings  should  not  be  subjected  to  this  method.  This  fear, 
however,  was  proven  false. 

One  of  the  pioneering  institutions  in  the  use  of  laboratory 
methods  in  art  analysis  is  the  Fogg  Museum  in  Harvard  Univer- 
sity. A  considerable  library  of  x-rays  of  the  old  masters  existed  as 
far  back  as  1938.  At  that  time  3,200  x-ray  films  of  paintings  by  the 
masters  were  listed  in  the  Fogg  Museum  x-ray  files  for  teaching 
purposes.  Additional  numbers  of  films,  shadowgraphs  as  they  were 
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then  called,  were  available  for  graduate  work.  As  an  example, 
this  list  included  ii6  x-rays  of  Rembrandt's  own  paintings  as 
well  as  a  hundred  more  of  Rembrandt's  school,  including  Bol, 
Flinck  and  Maes.  Roger  Van  der  Weyden,  Rubens,  Titian,  Tin- 
toretto, Raphael,  Bellini,  and  other  leading  artists  were  also 
represented.  These  x-ray  films  are  used  for  the  instruction  of 
artists,  art  critics,  and  art  collectors.  One  of  its  major  benefits  lies 
in  teaching  how  to  analyze  and  recognize  the  fundamental  struc- 
ture of  the  work  of  the  old  masters  as  well  as  of  modern  painters. 
These  x-ray  films  make  possible  the  addition  of  years  of  experience 
to  the  young  investigator.  They  represent  a  short  cut  to  the  techni- 
cal know-how  usually  only  acquired  after  years  and  years  of 
painstaking  study. 

X-rays  have  a  special  value  for  detecting  artificial  aging  of 
paintings.  The  crackles  and  scratches  in  the  paint  surface,  the 
effect  of  the  passage  of  time,  have  been  simulated  with  remarkable 
accuracy  by  forgers  and  also  by  bona  fide  art  students.  X-rays, 
however,  will  show  that  these  surface  crackles  are  confined  to  the 
exterior  of  the  painting  and  bear  no  relation  to  a  fundamental 
crack  which  extends  from  the  surface  all  the  way  down  to  the 
basic  canvas  or  paneling  underlying  the  painting  itself. 

No  discussion  concerning  the  use  of  x-rays  in  detecting  altera- 
tion in  paintings  is  complete  without  mentioning  their  use  in  the 
ever  continuing  Shakespearian  controversy.  In  the  past  hundred 
years,  it  has  been  estimated,  over  a  thousand  books  have  been 
written  disputing  the  authorship  of  William  Shakespeare's 
work. 

With  the  publication  of  J.  Thomas  Looney's  Shakespeare 
Identified  in  Edward  de  Vere,  lyth  Earl  of  Oxford,  endorsed  by  many 
Shakespearian  scholars,  impetus  and  direction  were  given  to 
further  research. 

Charles  Wisner  Barrell  attacked  this  question  by  surveying  the 
number  and  quality  of  the  existing  portraits  of  Wilham  Shake- 
speare. Of  three  that  he  considered  outstanding  and  authentic, 
one  was  a  half-length  panel  at  Hampton  Court  Palace,  the 
property  of  the  king  of  England ;  the  second  was  a  head-and-bust 
panel  owned  by  the  Folger  Shakespeare  Library  of  Washington, 
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D.C.;  and  the  third  was  a  three-quarter-length  canvas  called  the 
"Ashbourne"  and  also  owned  by  the  Folger  Library. 

Barrell  examined  these  paintings  by  x-ray,  infrared  ray,  and 
other  methods.  His  films  showed  that  details  of  the  originals  had 
been  changed  and  that  symbols  of  personal  identity  had  been 
painted  over.  He  became  convinced  that  these  changes  had  been 
accomplished  long  ago  and  that  all  the  alterations  on  all  three 
paintings  had  been  done  by  the  same  painter.  Specifically  the 
x-rays  showed  an  inscription  which  had  been  scraped  out  and  also 
a  coat-of-arms  of  the  family  of  Edward  de  Vere  which  was  com- 
pletely invisible  before  the  x-rays  revealed  it. 

In  the  words  of  Mr.  Barrell,  the  results  "show  beyond  reason- 
able doubt  that  the  Shakespeare  who  appears  in  these  works  must 
have  been  the  mysterious  Elizabethan  Court  poet,  Edward  de 
Vere,  17th  Earl  of  Oxford,  and  not  the  member  of  the  illiterate 
Shakspere  family  who  was  buried  at  Stratford-on-Avon,  April  25, 
1616." 

The  publication  of  the  material  in  the  Scientific  American  in  1940 
caused  a  major  sensation  in  scientific  and  literary  circles.  The 
x-ray  was  dramatically  publicized  as  an  invaluable  tool  in  ex- 
posing alterations  as  well  as  outright  forgeries  in  the  field  of 
painting. 


CHAPTER  14 

MUMMIES,  STAMPS,  AND   FLOWERS 

PALEOPATHOLOGY 

The  art  of  embalming,  as  practiced  by  the  ancient  Egyptians, 
Peruvians,  Indians,  and  others,  has  preserved  for  us  specimen 
cadavers  of  those  days.  X-rays  of  these  have  added  much  to  our 
knowledge  of  the  state  of  health  and  the  causes  of  death  that  pre- 
vailed when  these  people  lived.  For  this  study  of  the  disease 
processes  prevalent  in  ancient  man  the  name  paleopathology  has 
been  coined. 

The  first  studies  of  the  kind  were  done  in  1903- 1909  by  Lortet 
and  Gaillard  on  Egyptian  mummies  from  the  collection  of  the 
Natural  History  Museum  of  Lyons,  France,  In  191 6,  Eaton 
x-rayed  and  reported  on  Peruvian  mummies.  Means,  in  1925, 
x-rayed  specimens  from  the  old  Indian  mounds  in  Ohio.  Roy  L. 
Moodie  did  his  pioneering  work  on  disease  evidence  in  mummies 
in  1923  and  made  further  studies  in  1926  and  1927. 

Without  injuring  these  valuable  antiquities,  x-rays  have  shown 
evidence  in  their  skeletons  that  arthritis  and  joint  disease  were 
common.  Moodie's  films  demonstrated  considerable  dental  disease 
in  the  ancient  Egyptians,  but — unfortunately,  for  detailed  obser- 
vation— the  skulls  of  the  mummies  are  obscured  by  the  special 
head  wrappings,  pitch,  sand,  and  ornaments. 

Bones  and  teeth  are  better  preserved  and  are  more  easily 
visualized  than  other  structures,  but  even  some  of  the  soft  tissues 
also  are  informative.  Calcium  deposits  have  been  seen  in  the  blood 
vessels,  indicating  that  ancient  people  were  probably  subject  to 
hardening  of  the  arteries  with  associated  high  blood  pressure  and 
heart  and  kidney  changes.  The  soft  tissues  of  the  abdomen,  how- 
ever, such  as  the  liver,  stomach,  and  intestines,  were  removed  by 


Fig.  40 — An  x-ray  of  a  flower  reveals  the  inner  structure  and  intensifies  the 
flower  form. 


Fig.  41. — Chambered  nautilus.  A  radiograph  by  Herbert  C.  Pollack  and  Charles 
F.  Bridgman.  (Courtesy  Abbott  Laboratories.) 
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the  embalmers  of  that  period ;  if  returned  to  the  abdomen,  they 
were  in  the  form  of  a  tarred,  treated  package.  Information  about 
these  parts  is  accordingly  lacking. 

Studies  of  the  children  of  the  pre-Columbian  Peruvians  reveal 
no  evidence  of  rickets.  Neither  is  rickets  found  in  the  Egyptian 
mummies.  Arthritis  among  the  Peruvians  was  found  to  be  rela- 
tively rare,  as  was  hardening  of  the  arteries,  in  distinction  to 
the  Egyptian  mummies.  Dental  cavities  were  not  common  among 
the  ancient  Peruvians  but  those  that  were  found  are  similar  to 
cavities  found  at  present.  A  high  percentage  of  the  population  lost 
teeth  before  forty  years  of  age.  A  common  cause  was  alveolar 
abscess  but  evidently  the  greater  proportion  of  tooth  loss  was  due 
to  pyorrhea  alveolaris. 

Evidences  of  healed  fractures  are  found  in  Peruvian  mummies 
in  the  San  Diego  museum.  In  Moodie's  group  a  single  mace  injury 
was  observed. 

No  evidence  of  tumor  disease  was  seen  but  it  is  known  that  this 
disease  did  exist  in  those  times.  There  was  a  high  rate  of  infant 
mortality,  probably  due  to  unfavorable  environment  rather  than 
to  specific  disease.  Trephining  or  making  an  opening  in  the  skull 
for  medical  purposes  was  found  to  be  rare.  The  investigators  state 
that  syphilis  was  not  conclusively  demonstrated  in  those  prehistoric 
times. 

It  must  be  emphasized  that  there  are  serious  difficulties  in  diag- 
nosing these  embalmed  remains  and  that  the  number  of  specimens 
is  limited.  However,  the  information  that  has  been  added  in  this 
way  to  the  picture  of  man's  medical  history  is  of  considerable 
value. 

ORNAMENTAL  NAl  URE  FORMS 

The  use  of  x-ray  on  nature  forms  has  resulted  in  many  intensely 
interesting  effects.  X-rays  of  flowers,  for  example,  have  produced 
some  exceptionally  beautiful  reproductions.  Not  only  is  the  ex- 
ternal form  of  the  plant  delineated  but  also  there  are  evidences  of 
the  structure  of  the  plant.  The  fibers  are  recognizable  because 
of  the  relative  differences  in  density.   In  addition,  the  relative 
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radiolucency  or  transparency  of  leaves  permits  the  display  of 
their  structure  with  a  delicacy  unique  to  the  x-ray  method. 

X-rays  of  sea  shells  have  also  produced  beautiful  films,  par- 
ticularly of  the  various  forms  of  snail  shells.  If  such  a  shell  is  sacri- 
ficed to  show  its  inner  structure  visually,  the  beautiful  contour 
and  form  of  the  exterior  is  lost.  X-rays  of  these  shells  demonstrate 
them  as  a  whole  showing  the  extremely  fine  internal  convolutions 
of  the  shell  as  well  as  the  structure  and  lamination  of  the  exterior. 
These  films,  or  roentgenograms,  are  of  great  value  not  only 
scientifically  for  the  shell  structure  but  also  for  the  intrinsic 
beauty  of  the  picture  itself. 

This  form  of  radiography  approaches  fine  art,  and  is  not 
necessarily  limited  to  flowers  and  shells  but  may  be  applied  to 
widely  diflfering  items.  An  entirely  new  type  of  radiography  may  be 
in  the  making. 

STAMPS 

Stamp  collecting  has  become  a  big-money  business.  The  value 
of  a  collection  may  be  very  high.  Valuable  stamps  are  traded 
internationally.  Collectors  who  are  particularly  avid  and  have 
the  means  will  pay  thousands  of  dollars  for  a  small  bit  of  discolored 
paper  which  may  have  a  heavy  smudge  as  the  cancellation.  It 
will  be  particularly  important  if  it  happens  to  complete  a  set  in 
the  collection. 

Many  of  the  world's  leading  personalities  have  been  ardent 
stamp  collectors.  Some  stamp  collectors  look  upon  their  collec- 
tions as  desirable  investments.  They  have  found  that  there  is  a 
steady  rise  in  value,  especially  of  the  "classic"  stamps  that  are 
limited  in  numbers  and  will  not  be  reissued.  Skilled  stamp  forgers 
and  counterfeiters  have  specialized  in  counterfeiting  these 
"classic"  issues. 

Generally  speaking,  stamps  are  forged  either  to  defraud  the 
post  office  or  to  deceive  collectors.  A  third  use  of  stamp  forgery  is 
by  governments  against  other  governments.  For  example,  during 
World  War  I,  counterfeit  German  stamps  were  made  in  England 
in  order  to  supply  agents  and  spies.  In  World  War  II,  counterfeit 
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French  stamps  were  made  in  England  for  use  by  the  French 
underground  movement. 

To  sell,  make,  or  even  own  counterfeits  of  stamps  in  current 
postal  use  is  naturally  illegal.  But  the  duplication,  without  fraudu- 
lent purpose,  of  historic  issues  may  be  permissible.  These  are 
called  facsimiles,  and  the  word  "facsimile"  should  appear  incon- 
spicuously somewhere  in  the  framework  of  the  stamp.  Excellent 
facsimiles  were  produced  by  Fournier,  of  Geneva.  He  considered 
them  as  works  of  art  in  miniature  and  made  no  effort  to  pass 
them  off  as  forgeries.  Unfortunately,  he  omitted  to  place  the  word 
"facsimile"  on  his  prints;  some  of  them  are  held  in  collections 
under  the  impression  that  they  are  genuine.  Upon  the  death  of 
Fournier,  a  stamp  society  in  Geneva  bought  all  his  equipment, 
presses  and  plates  to  prevent  them  from  falling  into  the  hands  of 
unscrupulous  operators. 

Fortunately,  several  qualities  are  very  helpful  in  detecting 
forged  stamps.  Perhaps  the  most  important  is  that  in  the  early 
classic  issues  the  ink  had  a  metallic  pigment  which  is  recog- 
nizable under  the  x-ray.  If  a  forgery  of  such  a  stamp  is  printed 
with  a  modern  organic  ink,  x-ray  examination  will  reveal  this 
fact,  for  the  organic  ink  will  not  cast  a  shadow  on  the  x-ray  film. 
This  is  particularly  demonstrated  on  the  two-centavo  Argentine 
issue  of  1892.  Another  way  in  which  a  forgery  will  show  up  on 
x-ray  is  due  to  the  difference  in  paper.  The  1892  Navigation  and 
Commerce  issue  of  the  French  Colonies  had  a  quadrille  design 
printed  on  the  back.  A  forged  issue  does  not  repeat  this  design 
and  x-ray  examination  easily  detects  the  difference  between 
these  two. 

The  tendency  for  the  modern  stamp  faker  is  not  to  forge  an 
entire  stamp  but  to  restore  a  damaged  genuine  stamp.  Stamp 
values  are  related  to  the  condition  of  the  stamp.  In  good  condition 
the  stamp  may  have  a  value  of  thousands  of  dollars.  With  damage 
or  blemish,  it  goes  down  to  hundreds  or  even  less.  The  counter- 
feiter therefore  tries  to  restore  the  stamp  and  make  it  look  as 
nearly  perfect  as  possible.  The  methods  of  repairing  stamps, 
according  to  Pollack  and  Bridgman,  include:  "i.  Addition  of  a 
missing  perforation.  2.  Closing  of  a  tear.  3.  FiUing  in  thin  areas. 
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4.  Putting  together  pieces  of  a  foreign  stamp.  5.  Addition  of 
corners  or  margins.  6.  Addition  of  missing  stamp  design.  7.  Remo- 
val of  cancellation.  8.  Regumming."  By  means  of  these  methods, 
the  stamp  faker  hopes  to  make  a  valuable  stamp  from  one  in 
poor  condition.  Fortunately,  many  of  these  tricks  are  detectable 
by  x-ray  methods,  aided  by  ultraviolet  or  microscopic  tests. 
X-rays  will  demonstrate  different  kinds  of  paper  and  ink,  or 
the  absence  of  the  original  watermark  in  the  area  that  has  been 
repaired. 

Three  x-ray  methods  are  used  for  stamp-forgery  detection.  The 
first  is  the  common  low-voltage  radiograph,  in  which  x-rays  are 
utilized  directly  as  shown  on  ordinary  radiography.  The  amount 
of  x-ray  absorption  depends,  as  in  other  uses,  upon  the  different 
components  of  the  object  x-rayed.  In  this  case  the  paper,  the  inks 
used  in  the  design,  and  the  inks  used  in  the  cancellation  are 
responsible  for  contrast.  This  method  allows  the  expert  to  study 
the  design  of  the  stamp  in  great  detail  because  it  penetrates  the 
overlying  cancellation.  The  value  of  the  stamp  may  depend  upon 
the  minute  detail  discoverable  under  the  heavy  smudge  of 
cancellation. 

The  second  method  of  x-raying  stamps  is  called  x-ray  auto- 
electronography.  The  underlying  principle  here  is  that  the  postage 
stamp  itself,  upon  being  bombarded  with  the  x-ray  beam,  will 
emit  the  electrons  that  expose  a  film.  This  method  is  employed 
because  of  the  extremely  thin  nature  of  the  stamp  and  the  super- 
ficial character  of  the  ink  and  various  dyes  employed.  This 
method  may  demonstrate  more  detail  than  low-voltage  radi- 
ography. 

The  third  method  is  called  x-ray  electronography.  This  method 
is  employed  to  demonstrate  the  details  of  paper  structure  and  the 
watermark.  It  has  no  relation  to  the  press  design  on  the  stamp. 
This  technique  is  based  upon  the  use  of  a  metallic  material  of  high 
atomic  number  which,  upon  being  bombarded  by  x-rays,  will 
emit  enough  electrons  to  penetrate  the  stamp  and  expose  the  x-ray 
film. 

Experts  use  all  three  methods  in  order  to  detect  forgeries  and 
reconstructions   of  damaged   but   genuine  stamps.    Perhaps   the 
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lesson  to  be  derived  from  a  review  of  the  expert  methods  available 
to  unscrupulous  counterfeiters  is  that  before  purchasing  a  stamp 
for  any  considerable  sum  it  is  advisable  to  have  it  examined  by  an 
expert  and  its  value  determined. 


COLOR  X-RAY 

There  have  been  many  efforts  to  produce  direct  color  radio- 
graphs but  none  have  so  far  been  successful.  The  reason  is  that 
colors  are  not  associated  with  the  differences  in  density  which 
produce  the  black-and-white  contrasts  on  x-ray  films. 

Indirect  and  simulated  color  x-rays  have  been  produced.  These 
are  of  considerable  value  in  medical  schools  as  an  aid  in  the  teach- 
ing of  anatomy  and  pathology. 

Dr.  G.  E.  Donovan  of  England  was  a  pioneer  in  this  endeavor. 
In  1949  he  demonstrated  his  "additive"  method.  Basically  his 
process  consists  of  making  three  x-rays,  with  varying  kilovoltages 
in  order  to  bring  out  the  various  structures,  of  the  same  part  of 
the  body.  These  three  x-rays  are  then  projected  on  a  single  screen 
with  different  colored  lights  as  a  source  of  illumination  for  the 
three  films.  The  composite  projected  colored  picture  may  then  be 
used  by  itself  or  may  be  photographed  using  color  film  and 
making  slides  for  lecture  purposes. 

In  1 95 1  E.  L.  Pirkey,  J.  E.  Parker  and  F.  W.  Shook  published 
their  material  in  which  they  advocate  the  use  of  the  Flexichrome 
method  of  the  Eastman  Kodak  Company.  This  process  consists  of 
using  a  black-and-white  negative  and  producing  a  color  film  for 
teaching  use. 

Drs.  Louis  J.  Bonann  and  Andrew  H.  Dowdy  of  the  University 
of  California  School  of  Medicine,  have  further  improved  this  pro- 
cess and  are  able  to  produce  excellent  simulated  color  radiographs 
which  are  employed  in  their  teaching  programs.  These  are  better 
and  far  less  expensive  than  drawings  of  the  anatomic  part  would 
be.  Recently  they  have  employed  the  LogEtronic  photographic 
printing  process  to  further  enhance  the  production  of  the  original 
black-and-white  negative. 
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ARTIFACTS 


Some  bizarre  and  unusual  shadows  found  on  x-ray  films  are 
due  to  the  presence  of  artifacts.  Artifacts  are  defects  produced  on 
film  which  have  no  relation  to  the  actual  condition  of  the  object 
which  has  been  x-rayed.  For  example,  flecks  of  dust  on  a  film 
holder,  overlying  foreign  bodies,  and  similar  objects  will  cast  a 
shadow  on  a  film.  So  will  static  electricity.  A  film  may  be  light- 
struck  in  some  peculiar  and  unusual  fashion.  These  shadows 
occasionally  blend  so  deceptively  with  the  image  on  the  film  that 
an  erroneous  diagnosis  may  be  made.  This  deception  is  especially 
likely  when  one  is  looking  for  a  small  stone  in  the  ureter  or  kidney. 
A  small  overlying  fleck  of  dust  on  the  film  holder  may  cast  a 
shadow  that  will  simulate  this  particular  type  of  stone.  When  in 
doubt  about  the  presence  of  an  artifact,  it  is  wise  to  repeat  the 
examination  after  cleansing  the  equipment.  In  most  cases,  an 
artifact  will  reveal  itself  by  its  characteristic  surface  appearance. 
By  tilting  the  film  under  a  light,  one  is  usually  able  to  differentiate 
and  separate  the  artifact  from  the  genuine  image  of  a  structure. 

STEREORADIOGRAPHY 

A  well-developed  technique  has  been  achieved  in  x-ray  to  add 
a  three-dimensional  appearance  to  the  plain  film.  Two  successive 
x-ray  films  are  taken,  the  second  following  a  shift  of  the  x-ray  tube 
equivalent  to  the  distance  between  the  pupils  of  the  eyes.  These 
two  films  will  stand  in  relation  to  the  object  as  it  is  viewed  by  the 
human  eye.  If  a  pair  of  films  made  in  this  fashion  is  placed  in  a 
special  viewer  and  the  eyes  are  adapted  to  this  stereoviewing,  an 
amazing  perception  of  depth  can  be  obtained.  This  is  particularly 
useful  and  valuable  in  military  surgery  for  localizing  shell  and 
bullet  fragments  before  operative  procedures  are  undertaken.  It 
is  also  of  great  value  in  various  procedures,  particularly  in 
attempting  to  localize  a  tumor  or  a  fracture  in  the  skull.  A  plain 
film  with  its  flat  concept  is  far  inferior,  for  this  technique  conveys 
the  impression  and  feeling  of  looking  directly  into  the  skull  and 
seeing  the  structures  as  they  really  exist. 


Fig.  42. — Spindle  shell.  A  radiograph  by  Herbert  C.  Pollack  and  Charles  F. 
Bridgman.  (Courtesy  Abbott  Laboratories.) 
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Fig.  43. — Stereoradiography.  The  tube  positions  that  give  a  three-dimensional 
effect. 
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SHOEFITTING 

A  shoe  fluoroscope  was  once  quite  common  in  shoestores.  The 
customer  would  put  on  a  pair  of  new  shoes  and  step  onto  the 
fluoroscopic  platform.  Through  a  viewing  apparatus  he  could 
see  a  fluoroscopic  image  of  his  feet.  This  had  considerable 
novelty ;  one  could  wiggle  one's  toes  and  see  the  bones  move  on 
the  screen.  It  also  had  some  possible  value  in  the  fitting  of  shoes, 
though  this  is  a  doubtful  point. 

However,  the  novelty  interest  is  completely  overshadowed  by 
the  health  hazard.  There  was  no  regulation  by  a  person  trained  in 
radiation  safety.  All  the  people  in  the  store  were  subject  to  radia- 
tion from  the  fluoroscopic  tube  and  there  was  no  limit  to  the  abuse 
and  overuse  of  such  an  apparatus.  Fortunately  this  danger  has 
been  appreciated  and  the  number  of  stores  where  such  a  piece  of 
equipment  is  available  are  diminishing  almost  to  the  vanishing 
point  at  the  present  time. 

There  is  apparently  no  limit  to  the  usefulness  of  x-rays  and 
undoubtedly  the  future  will  demonstrate  even  more  applications 
than  exist  at  present.  But  abuse  of  the  x-ray,  as  in  shoe  fluoro- 
scopes,  must  be  avoided. 


CHAPTER  15 

X-RAYS  IN  INDUSTRY 


For  the  casual  airplane  passenger,  looking  out  through  his 
small  window  and  mentally  measuring  the  enormous  distance  to 
the  ground,  perhaps  the  most  reassuring  sight  of  all  is  the  steady 
arc  of  the  propeller  as  it  traces  its  way  through  the  sky.  Occasion- 
ally the  passenger  may  reflect  on  the  fact  that  this  bar  of  metal 
stands  between  him  and  probable  disaster  and  he  will  wonder 
about  its  sturdiness  and  the  construction  and  care  with  which 
this  propeller  was  manufactured.  This  attention  is  reflected  by 
the  x-ray  procedures  which  are  used  in  order  to  detect  possible 
flaws  in  the  propellers  before  they  are  manufactured  for  use. 

Similarly  for  jet-powered  aircraft,  a  defect  in  engine  housing 
may  be  disastrous.  Metals  are  susceptible  to  the  x-ray  beam  in 
the  same  way  that  human  bodies  are — and  human  bodies  are 
safer  in  consequence.  Films  may  be  made  which  will  demonstrate 
the  absorption  of  x-rays  as  they  pass  through  a  metal  object.  If 
there  are  air  spaces  or  flaws  within  it,  these  will  be  demonstrated 
on  a  film  as  areas  of  diminished  density.  The  shining,  solid 
exterior  of  a  pressure  cooker  might  conceal  a  flaw  until  some 
tragic  moment  when  it  burst  and  injured  a  housewife.  However, 
by  x-raying  this  utensil  we  are  able  to  keep  out  of  the  kitchens 
those  cookers  which  are  weakened  by  faults.  Furthermore,  by 
discovering  what  flaws  occur — and  where — we  are  able  to  so  modify 
the  manufacturing  process  that  the  flaws  will  be  fewer  in  number 
and  smaller  in  size.  Such  use  is  typical  for  the  industrial  x-ray. 

Just  as  the  technique  of  radiography  in  the  human  body  in  the 
beginning  was  hit  or  miss,  so  it  was  in  industrial  x-ray.  However, 
with  the  widespread  adoption  of  this  procedure  as  a  safety 
measure,  standard  tables  for  various  types  of  metal  and  alloys 
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Fig.  44. — From  Rontgen's  early  work.  A  radiograph  showing  discontinuities  in 
a  thin  metal  sample. 


Fig.  45. — X-raymg  a  large  metal  casting.  A  million-volt  unit  being  positioned 
by  technicians.  (Courtesy  General  Electric  Company.) 
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Fig.  46. — Porosity    in    an    aluminum    casting.    (Courtesy    General    Electric 
Company.) 
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have  been  set  up  so  that  technique  is  a  matter  of  measurement 
and  a  prescribed  chart.  In  the  beginning,  the  relatively  low- 
strength  tubes  limited  the  thickness  of  the  parts  that  could  be 
x-rayed,  but  modern  high-voltage  tubes  have  largely  surmounted 
these  difficulties.  In  Germany,  films  have  been  exposed  using  the 
radiation  beam  from  radium  or  its  emanation  gas,  radon.  This 
method  has  allowed  for  increased  flexibility  of  procedure  because 
of  the  small  bulk  of  radium.  At  the  time,  it  also  permitted  in- 
creased penetration.  The  rental  of  portable  radium  units  is  also 
economically  sound  when  the  need  is  only  for  infrequent  radi- 
ography and  a  permanent  installation  is  not  necessary.  This 
method  of  using  radium,  however,  is  now  time-consuming 
because  of  the  longer  exposure  time  needed  and,  with  high- 
voltage  tubes  available,  it  is  largely  outmoded. 

An  x-ray  beam  which  is  generated  by  250  to  400  kilovolts  will 
penetrate  steel  sections  up  to  5  inches  in  thickness.  However,  as 
stated  by  Dr.  Wayne  T.  Sproull,  "For  the  routine  radiography  of 
large  numbers  of  heavy  metal  parts  (steel  thicknesses  of  2  inches 
or  more,  aluminum  thicknesses  of  4  inches  or  more,  etc.)  million- 
volt  equipment  is  most  suitable  .  .  .  for  thicknesses  above  4-5 
inches  of  steel,  two-million-volt  equipment  is  much  faster  and 
gives  better  sensitivity  and  definition  than  attainable  at  one 
million  volts." 

Perhaps  the  single  greatest  application  of  industrial  x-ray  is  to 
metal  castings.  These  castings  may  be  subjected  to  considerable 
strain.  Industrial  accidents  involving  much  loss  of  life  and  limb 
have  been  avoided  by  subjecting  them  to  x-ray  examination  for 
internal  cracks  and  other  defects.  Pressure  vessels  especially,  in 
which  steam  or  other  dangerous  fluids  are  to  be  contained,  must 
be  absolutely  sound  and  free  of  defects,  cracks,  or  internal  strain. 
The  x-ray  will  show  whether  or  not  such  a  piece  is  really  capable 
of  withstanding  the  pressures  that  are  intended  for  it,  but  the 
films  must  be  interpreted  to  distinguish  flaws  that  are  detrimental 
from  those  that  are  merely  objectionable.  Flaws  may  be  formed 
while  the  metal  is  in  the  liquid  state ;  these  usually  consist  of  gas 
holes  and  extraneous  porosity.  Other  flaws  are  formed  in  the  solid 
state — shrinkage  cracks  and  cavities.  Slag,  sand  inclusions,  and 
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cold  shuts  are  the  worst  flaws.  The  procedure  in  many  industries 
is  to  x-ray  all  the  castings  from  a  newly  constructed  mold  until 
recurring  defects  are  eliminated,  one  by  one,  and  a  good  product 
is  established.  Thereafter,  one  of  perhaps  every  50  to  100  castings 
is  selected  at  random  for  check  x-rays  as  the  process  continues. 

Another  application  is  to  welds.  Although  a  weld  is  produced 
by  manufacturing  processes  which  are  normally  reliable,  defects 
will  develop  in  some.  In  the  construction  of  the  Hoover  Dam,  for 
example,  portable  x-ray  equipment  was  used  to  x-ray  the  welds 
in  this  enormous  structure.  Seventy-five  miles  of  welds  were 
x-rayed  during  the  construction,  to  make  sure  that  they  could 
withstand  the  designed  stresses  during  the  dam's  life.  Weld  defects 
may  be  produced  by  poor  penetration,  that  is,  by  imperfect  fusion 
of  the  components  of  the  weld,  or  they  may  be  due  to  slag  in- 
clusions, shrinkage  cracks,  or  gas  inclusions.  Sometimes,  if  its 
position  can  be  determined,  the  flaw  may  be  corrected.  Various 
x-ray  techniques  are  employed;  among  these  are  sectional  radi- 
ography, in  which  films  are  made  at  regular  levels  through  the 
material,  and  stereoscopic  pairs. 

There  are  numerous  applications  of  x-ray  to  the  inspection  of 
small  articles.  One  very  interesting  example  has  to  do  with  the 
radiant  type  of  hotplate.  In  this  apparatus  a  resistance  coil  is  the 
essential  heating  element,  sealed  within  an  opaque  tube,  and 
defects  are  not  discoverable  except  by  x-ray  methods.  The  defects 
are  either  separations  or  thinning,  and  may  be  extremely  impor- 
tant in  the  proper  functioning  of  the  hotplate. 

Dr.  George  L.  Clark  has  listed  various  applications  of  metal 
radiography  as  follows : 

"All  automotive  and  aircraft  parts,  rolled  and  drawn  metal  for 
the  discovery  of  slag  inclusions  or  overdrawing  by  cold  work 
which  is  too  extreme,  inspection  of  insulated  wire  and  cables  and 
coated  metals  for  breaks,  metal  tubes  and  capillaries  for  clogging, 
intricate  assembled  objects  for  proper  adjustment  of  parts,  pro- 
jectiles for  proper  location  of  taps  and  fuses  and  complete  filling 
by  explosives,  gun  barrels  for  rifling  and  defects,  molten  metals 
inside  of  furnaces  for  the  determination  of  melting  point  and  sur- 
face tension,  ball-bearings  for  soundness,  electric  insulators  for  the 
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presence  of  metallic  particles,  metal  radio  transmission  tubes  for 
proper  position  of  grid  and  filament,  all  sorts  of  sheets  suspected 
of  corrosion,  steel  Dewar  flasks  used  for  liquid  air  or  oxygen  where 
corrosion  may  result  in  great  decrease  in  wall  thicknesses,  etc."' 

Dr.  Clark's  list  of  applications  continues : 

"Arc  electrodes  for  soundness;  coal  for  classification  as  to 
foreign  mineral  content  and  for  control  of  cleaning  by  flotation ; 
rubber  tires  for  imperfect  bonding  to  cord ;  reclaimed  rubber  for 
foreign  materials;  golf  balls  for  centering  of  core;  complicated 
glass,  hard  rubber  and  bakelite  pieces  of  various  kinds  with  in- 
ternal fields  for  improper  fabrication;  wood  for  cracks,  worm- 
holes,  knots,  embedded  nails;  railroad  ties  for  comparison  or 
erosion  under  the  plates;  porcelain  insulators;  thermocouple 
tubes ;  spark  plugs  for  internal  cracks ;  location  of  pipes  and  wires 
in  the  walls  of  the  buildings;  contraband  goods  in  trunks  with 
false  bottoms;  suspicious  packages  for  bombs  and  many  others. "2 

From  this  partial  survey,  it  can  be  seen  that  the  application  of 
radiography  to  this  aspect  of  industry  is  widespread  and  almost 
standardized  in  certain  procedures. 

Dr.  Clark  also  writes  concerning  a  fatal  accident  at  the  Univer- 
sity of  Illinois  because  of  the  use  of  a  defective  fencing  foil. 
Following  this  accident,  all  the  foils  in  the  University  were  sub- 
jected to  x-ray  examination.  Many  of  them  showed  extremely 
poor  metal  construction.  They  were  discarded  and  the  risk  of 
future  accidents  was  reduced. 

X-rays  have  also  been  found  of  considerable  use  in  the  chemical 
analyst's  laboratory  and  in  chemical  industry.  Elements  have 
specific  x-ray  emission  and  absorption  wave  lengths.  By  determ- 
ining, therefore,  the  emission  and  absorption  wave  lengths  of 
an  unrecognized  element,  the  element  may  be  identified.  This 
method  has  aided  the  search  for  at  least  six  new  elements. 

The  remarkable  efficiency  of  the  equipment  used  in  analysis 
makes  possible  extremely  sensitive  detection  tests  for  elements.  At 
the  present  time  it  is  estimated  that   i   part  in   100,000  can  be 

!•  2  From  Glasser,  Otto  (ed.).  The  Science  of  Radiology,  1933,  p.  359.  Courtesy 
of  Charles  C.  Thomas,  Publisher,  Springfield,  Illinois. 
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detected  by  x-ray  analysis.  In  the  future  it  is  hoped  that  this  may 
reach  one  in  a  miUion.  We  can  see,  therefore,  that  a  very  small 
amount  of  an  element  may  be  detected  in  an  unknown  mass. 
X-ray  analysis  is  particularly  suitable  where  the  chemical  or 
mechanical  separation  is  difficult  or  infeasible,  since  it  can  be 
done  without  any  undue  preparation  or  alteration  of  the  material 
in  question.  This  is  especially  important  if  the  specimen  is  rare  or 
valuable,  since  chemical  procedures  for  determination  of  content 
might  destroy  it.  Passing  an  x-ray  beam  through  it  or  testing  it 
for  radioactivity  will  not  alter  it  in  any  way.  Once  the  equipment 
for  this  procedure  has  been  set  up,  it  is  extremely  simple  and  may 
be  done  quite  rapidly. 

Another  valuable  industrial  application  makes  use  of  the 
absorption  of  an  x-ray  beam  as  it  passes  through  substance.  The 
medical  radiologist  employs  absorption  for  rendering  a  beam 
relatively  homogeneous  by  passing  it  through  a  series  of  filters. 
The  industrial  radiologist  employs  the  difference  between  the 
entering  beam  and  the  emerging  beam  to  compute  the  thickness 
of  the  part  that  it  passes  through.  Materials,  such  as  leather  and 
hides,  which  are  not  readily  amenable  to  measurement  by  micro- 
meters or  similar  instruments  may  be  gauged  by  the  technique 
above  described.  Other  materials  requiring  a  similar  type  of 
measurement  are  glass  lenses,  thin  metal  foils,  paper,  and  paint 
and  varnish  films. 

It  is  possible  to  estimate  the  variation  in  gauge  either  by  moving 
the  x-ray  beam  over  the  surface  of  the  substance  being  measured 
or  by  moving  the  sample  through  the  beam.  The  porosity  of 
various  substances  may  also  be  determined  by  a  similar 
method. 

The  same  principle  is  employed  in  determining  the  composition 
of  mixtures  and  solutions.  If  there  is  an  unknown  solution  or 
mixture,  the  components  of  it  will  be  revealed  by  the  absorption 
of  the  x-ray  beam  as  it  traverses  this  mixture.  Measurements  of 
the  x-ray  beam  before  and  after  striking  the  mixture  will  aid  in 
determining  the  composition  of  this  mixture  or  solution.  Dr.  Clark 
states  that  "this  method  is  best  adopted  for  pairs  of  substances 
whose  absorbing  powers  are  widely  different.  Alloy  composition. 
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Fig.  49. — Radiograph  of  a  metal-walled  electron  tube  (thyratron).  Only  by 
x-ray  can  the  interior  components  of  this  tube  be  inspected  without  destroying 
the  tube.  This  tube  shows  serious  misalignment  of  the  filament  and  grid  struc- 
tures. 


Fig.  50. — Comparison  of  photograph  and  x-ray  of  gears  and  gear  blanks  showing 
the  hidden  defects  which  may  cause  industrial  accidents. 
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amount  and  uniformity  of  distribution  of  impregnating  agents  in 
wood,  heavy  metal  content  of  glass,  loading  of  silk  fibers  with  tin 
dioxide,  concentration  of  colloidal  metal  salt  and  fillers  in  rubber 
are  among  the  examples  of  this  process." ^ 

An  interesting  variation  in  this  application  has  to  do  with  the 
differentiation  of  true  and  false  gems.  Side-by-side  tests  are  made 
and  the  beams  which  emerge  from  these  substances  will  show 
whether  a  gem  is  genuine.  This  test  is  also  used  in  the  detection  of 
counterfeit  coins,  on  the  basis  of  the  metal  content. 

As  new  industrial  advances  are  made,  the  x-ray  method  will 
continue  to  serve  both  in  research  and  practice,  as  a  guide  to 
safety  and  as  a  monitor  of  careful  manufacturing  procedures. 


3  From  Glasser,  Otto  (ed.),  The  Science  of  Radiology,  1933,  p.  356.  Courtesy 
of  Charles  C.  Thomas,  PubHsher,  Springfield,  Illinois. 


CHAPTER  16 

CRYSTALS  AND  GENES 

X-RAY  CRYSTALLOGRAPHY 

Max  von  Laue's  discovery  that  x-ray  beams  are  refracted  as 
they  pass  through  crystals  was  pubUshed  in  191 2.  Professor 
Robertson  of  the  University  of  Glasgow  says:  "This  discovery  was 
truly  one  of  the  greatest  events  in  science,  for  on  the  one  hand  it 
established  the  nature  of  x-rays  and  initiated  the  structure  of 
x-ray  spectroscopy  while  on  the  other  it  provided  the  means  for 
exploring  the  structure  of  crystalline  matter  on  an  atomic  scale 
and  in  a  degree  hitherto  unimagined." 

In  this  field,  dealing  with  the  relationship  of  crystals  to  x-rays, 
is  probably  the  most  important  and  certainly  one  of  the  most 
interesting  uses  for  x-ray  as  a  research  tool.  The  x-ray  beam  is 
the  fine  dissecting  instrument  needed  to  delve  into  the  ultimate 
structure  of  atoms  and  molecules.  It  has  shown  how  the  basic 
units  of  atoms  and  molecules  are  arranged  in  certain  definite 
crystalline  planes. 

Dr.  Clark  says:  "The  strength  of  steel  girders,  the  forming  of  an 
automobile  body,  the  corrosion  of  aluminum  alloys  or  the  breakage 
of  an  airplane  propeller,  the  performance  of  a  watch  spring,  the 
plasticity  of  lime,  dielectric  capacity  of  materials,  lubricating  prop- 
erties of  long-chained  paraffins  or  graphites,  improvements  in  the 
tensile  strength  of  rayon,  stretching  of  rubber,  the  covering  power 
of  pigments,  the  mechanism  of  the  stretching  or  contraction  of 
muscles  and  tendons,  molecular  differentiation  between  normal  and 
pathological  tissues,  and  innumerable  other  practical  phenomena 
of  everyday  life  all  depend  upon  ultimate  crystalline  structure."^ 

4  From  Glasser,  Otto  (ed.),  The  Science  of  Radiology,  1933,  p.  362.  Courtesy 
of  Charles  C,  Thomas,  Publisher,  Springfield,  Illinois. 
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In  191 2,  however,  all  this  was  unknown.  Although  pioneer 
work  on  crystals  had  been  reported  in  1669  by  the  Danish 
physician  Niels  Stensen,  only  educated  guesses  had  been  made 
concerning  crystal  structure.  Von  Laue,  Friedrich,  and  Knipping 
passed  a  fine  beam  of  x-rays  through  zinc  blende  and  found  a 
definite  pattern  of  spots  registered  upon  an  x-ray  film.  The  Laue 
pattern  was  thus  demonstrated  for  the  first  time.  Rontgen  had 
attempted  a  somewhat  similar  determination.  His  co-workers  also 
were  interested  in  this  question  but  various  technical  conditions 
made  their  experiments  unsuccessful.  However,  this  Laue  pattern 
led  to  the  proof  that  crystals  have  an  orderly  arrangement  of 
atoms  and  molecules  in  a  definite  planar  system.  The  parallel 
planes  of  the  crystal  are  spaced  at  parallel  distances  of  the  same 
order  as  the  wave  lengths  of  x-rays  and  for  that  reason  they  diffract 
the  x-ray  beam  as  it  passes  through  the  crystalline  structure. 

Distances  are  measured  in  these  crystals  by  the  Angstrom  unit, 
1/100,000,000  of  a  centimeter.  Such  minute  and  precise  measure- 
ment of  internal  structure  is  truly  remarkable.  Thus  the  x-ray 
spectrometer  investigations  are  in  the  range  of  the  ultramicro- 
scope,  below  the  usual  microscopic  range.  The  planes  of  the 
crystal  serve  as  a  three-dimensional  grating  fine  enough  to  diffract 
x-rays;  upon  being  diffracted,  the  x-rays  cast  the  characteristic 
picture  upon  an  x-ray  film  placed  on  the  other  side  of  the  crystal. 
The  x-rays  that  emerge  demonstrate  a  diffraction  pattern  which  is 
characteristic  for  the  substance  traversed,  be  it  an  element  or  a 
compound.  They  will  forecast  the  properties  of  the  material  being 
investigated. 

By  this  method,  almost  all  elements  have  been  studied.  Their 
crystal  forms  ascertained  from  the  original  diffraction  film  have 
been  rendered  in  large-scale  models.  Simple  solids  such  as  copper 
or  salt  are  known  so  well  "that  their  crystal  arrangement 
is  known  as  accurately  as  the  structure  of  an  egg  crate  or  a 
wire  fence  might  be  known  to  an  observer  using  a  telescope  100 
yards  away,"  states  Dr.  W.  T.  Sproull.  This  knowledge  has 
been  extended  to  many  substances,  some  of  extremely  simple 
crystalline  structure,  others  enormously  intricate  and  complicated. 
Many,  such  as  iron,  manganese,  cobalt,  and  cerium,  have  more 
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than  one  crystalline  form,  depending  upon  temperature.  This 
research  has  had  a  remarkable  influence  on  industrial  processes. 
Dr.  Clark  remarks  that  "only  a  few  of  the  materials  and  processes 
subjected  to  research  and  tests  are  lead,  storage  batteries,  minerals, 
clays  and  all  ceramic  materials,  bone,  gem,  lime  cement,  zeolites, 
electroplating,  alloys  of  all  kinds,  petroleum,  drying  oils,  pigments, 
dyes,  textiles,  rubber,  etc."^ 

The  apph cation  of  this  method  to  pharmacology  has  had  an 
enormous  impact.  Complex  substances  like  penicillin  have  had 
their  structure  revealed.  The  recent  advances  in  steroids  are  due, 
in  considerable  part,  to  the  fact  that  diffraction  methods  were 
able  to  correct  the  original  theoretical  structure  pattern  that  had 
been  advanced,  based  on  chemical  analysis.  Following  this 
correction,  steroid  preparations  were  produced  synthetically  to 
the  great  benefit  of  numerous  patients. 

X-ray  crystallography  provided  a  way  to  estimate  stress  and 
strain  in  a  metal,  following  the  manufacturing  processes.  Metal 
pieces  prepared  under  one  set  of  conditions  would  stand  up  under 
enormous  stress;  if  some  of  the  factors  were  altered,  the  metal 
might  crack.  Although  to  the  casual  eye  both  metals  looked 
exactly  the  same,  there  is  as  much  difference  between  "the 
physical  properties  of  steel  before  and  after  heat  treatment  as 
there  is  between  lead  and  tin,"  says  Dr.  W.  T.  Sproull.  It  is  of 
utmost  importance  that  these  properties  be  controlled. 

"The  diffraction  pattern,"  says  Dr.  Clark,  "gives  convincing 
information  concerning  grain  size,  grain  orientation,  lattice 
distortion  or  strain,  effects  of  mechanical  work  upon  grain 
structure  and  orientation  and  various  other  attributes  of  any  given 
unit  of  a  given  material. "^  The  assessment  of  all  these  properties 
and  aspects  of  the  film  may  enable  a  metallurgist  to  say  why  one 
girder  cracked  under  the  stress  to  which  it  was  subjected,  whereas 
another  one  with  the  same  chemical  make-up  was  able  to  with- 
stand the  stresses  exerted  upon  it. 

It  is  in  the  detection  of  strain  before  use  that  this  method 
becomes  extremely  important.  This  is  most  frequently  encount- 

5.6  From  Glasser,  Otto  (ed.),  The  Science  of  Radiology,  1933,  pp.  366-67. 
Courtesy  of  Charles  C.  Thomas,  Publisher,  Springfield,  Illinois. 


Fig.  51. — An  x-ray  unit  performs  "inside-out"  radiography  on  a  huge  pressure 
vessel.  Weldments  are  being  inspected  for  soundness.  (Courtesy  General  Electric 
Company.) 


Fig.  52. — Structural  model  of  a  cellulose  crystal.  A  diagram  of  an  imaginary 
arrangement  of  atoms.  From  MD,  September,  1958.  (Courtesy  MD  Publica- 
tions, Inc.) 
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ered  in  the  examination  of  steel  and  steel  products.  When  the 
crystal  lattice  planes  appear  distorted  or  bent,  as  shown  on 
diffraction  films,  some  element  of  strain  has  been  produced  in  the 
crystalline  structure  during  the  process  of  manufacture.  The 
procedure  may  then  be  changed  so  as  to  eliminate  the  strain. 

One  of  the  single  greatest  advances  in  the  application  of  this 
information  has  to  do  with  heat  treatment  of  various  steels  and 
other  metals.  Heating  is  employed  to  eliminate  strains  and  to 
correct  the  changes  which  are  introduced  by  rolling  and  other 
industrial  processes.  The  amount  and  duration  of  heat  can  be 
controlled  to  accomplish  the  results  desired  in  the  light  of  the 
ultimate  use  of  the  product.  Diffraction  x-ray  films  are  used  in 
order  to  determine  the  exact  temperatures  and  time  of  the  heat 
treatment  to  produce  exactly  the  right  product. 

Diffraction  may  be  used  in  liquids,  though  it  had  been  thought 
obvious  that  they  had  no  crystalline  structure.  However,  more 
recent  studies  demonstrated  that  a  diffuse  type  of  diffraction 
could  be  obtained  from  liquid  material.  The  greatest  industrial 
application  of  these  diffraction  findings  was  in  the  production  of 
rayons  and  other  synthetic  materials,  and  in  the  development  of 
increased  tensile  strengths  in  these  substances. 

Pioneer  efforts  are  being  made  in  yet  another  field,  one  which  is 
still  in  its  infancy  and  yet  promises  enormous  progress:  the 
analysis  of  living  tissues  by  x-ray  diffraction  methods.  It  has  been 
found  that  muscle  fibers  in  living  frog  legs  can  be  stretched  into 
position  and  that  an  x-ray  beam  will  produce  a  diffracting  image. 
Tissue  diffractions  may  give  medical  science  both  a  method  of 
analysis  and  a  new  supermicroscopic  demonstration  of  anatomy. 
These  may  be  applied  to  both  normal  and  pathological  tissues.  It 
may  well  be  that  it  is  in  this  structural  demonstration  that  great 
new  avenues  of  progress  in  research  will  be  found. 

GENES 

Until  1927  there  had  been  considerable  speculation  about  the 
effect  of  x-rays  on  the  production  of  inheritable  changes.  No  substan- 
tial and  verified  scientific  evidence,  however,  had  been  introduced 


HO  THE  X-RAY  STORY 

to  prove  these  contentions.  In  1927  and  1928,  Dr.  Herman  J.  MuUer 
published  the  results  of  carefully  conducted  experiments  with  which 
he  was  able  to  establish  for  the  first  time  the  direct  relationship 
between  x-rays  and  inheritable  changes. 

Dr.  Muller  was  able  to  state  that  "comparison  of  the  mutation 
rates  under  the  two  sets  of  conditions  showed  that  the  heavy 
treatment  had  caused  a  rise  of  about  fifteen  thousand  per  cent  in 
the  mutation  rate  over  that  in  the  untreated  germ  cells." 

Also,  "all  in  all,  there  can  be  no  doubt  that  many,  at  least,  of 
the  changes  produced  by  x-rays  are  of  just  the  same  kind  as  the 
'gene  mutations'  which  are  obtained,  with  so  much  greater 
rarity,  without  such  treatment,  and  which  we  believe  furnished 
the  building  blocks  of  evolution." 

These  findings,  as  true  today  as  in  1927,  presented  the  scientific 
community  with  a  key  to  one  of  the  previously  locked  closets  of 
research.  A  way  had  been  found  to  affect  uncounted  future 
generations  by  way  of  altering  their  permanent  hereditary 
characteristics.  But  it  was  soon  realized  that  specific  characteristics 
could  not  be  produced  at  will.  The  effect  is  nonspecific,  that  is  to 
say  one  cannot  purposefully  produce  blue  eyes  in  coming  genera- 
tions. Indeed  this  nonspecific  production  of  the  inheritable 
changes  is  one  of  the  chief  arguments  for  curtailing  radiation  ex- 
posure wherever  possible.  The  complexities  of  the  human  body 
are  such  that  it  would  be  most  unusual  for  a  haphazard  alteration 
to  be  beneficial. 

Some  geneticists  find  a  comparable  example  in  the  workings  of 
a  fine  watch.  Geneticists  agree  that  almost  every  mutation  tends 
to  act  adversely  on  the  function  of  the  complex  activities  of  the 
body.  They  say  that  the  effect  of  the  rough  adjustment  of  an 
unselected  lever  in  the  complex  watch  workings  is  similar  to  the 
effect  of  a  chance  mutation  on  the  efficiency  of  the  human  body. 

Another  important  finding  in  this  field  is  that  the  effect  is 
cumulative.  It  was  determined  that  even  though  there  may  be 
time  lapses  between  exposure  to  radiation,  the  several  exposures 
added  up  to  produce  a  sum.  In  some  subtle  way,  small  doses 
produce  a  permanent  change  which  time  does  not  eradicate.  If 
and  when  there  are  sufficient  small  doses,   the  effect  may  be 
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similar  to  that  produced  if  the  radiation  was  given  at  one  time. 
It  therefore  becomes  necessary  to  safeguard  the  individual,  par- 
ticularly during  the  reproductive  age,  generally  the  first  thirty 
years  of  life.  This  is  especially  important  because  the  effect  is  not 
limited  to  ova  or  sperm  cells  but  also  affects  the  basic  gonadal 
tissue.  Hence,  even  after  the  affected  sperm  or  ova  are  discharged 
a  further  production  of  mutant  genes  may  result  from  the  original 
radiation. 

A  conclusion  that  seems  self-evident  is  that  mutations  are 
produced  only  when  the  gonads  or  reproductive  glands  themselves 
are  radiated.  This  has  important  practical  implications.  It  be- 
comes possible  to  prevent  such  exposure  of  the  gonads  and  still 
continue  medical  and  dental  x-ray  examinations  by  instituting 
local  screening  over  the  gonads  during  x-ray  filming.  There  is  an 
increasing  awareness  of  these  procedures  at  the  present  time. 

The  application  of  x-ray  in  the  field  of  genetics  has  been  both 
broad  and  deep.  It  has  disclosed  many  of  the  secrets  of  the  trans- 
mission of  inherited  characteristics,  and  has  disclosed  one  of 
nature's  ways  of  producing  mutations.  It  has  also  imposed  a  con- 
tinuing responsibility  for  the  safeguarding  of  gonadal  tissue  from 
excessive  irradiation. 


CHAPTER  17 

WHO'S  WHO 

THE  RADIOLOGIST 

The  radiologist,  the  doctor  speciaHzing  in  x-ray,  is  the  central 
figure  in  this  great  speciality.  He  serves  the  patients  requiring 
diagnosis  and  treatment  and  he  employs  the  wide  and  varied 
technical  resources  of  radiology,  including  the  diagnostic  and 
treatment  aids  which  the  patients  require.  The  radiologist  brings 
together  these  patients  and  the  x-ray  facilities. 

How  does  the  doctor  come  to  occupy  this  strategic  and  respon- 
sible position  ?  From  being  a  new  medical  graduate  to  becoming  a 
person  recognized  as  a  specialist  in  this  complex  field  is  a  long 
step.  Following  graduation  from  a  recognized  medical  school,  the 
doctor  will  undertake  a  year  as  an  intern  in  an  approved  hospital. 
To  be  approved,  a  hospital  must  have  adequate  teaching  facilities 
and  a  flow  of  patients  large  enough  to  represent  the  general  range 
of  medical  care.  This  internship  will  be  a  rotating  internship;  that 
is,  during  this  year  the  doctor  will  pass  through  the  departments  of 
medicine,  of  surgery,  of  obstetrics  and  gynecology,  of  pathology, 
of  ear,  nose,  and  throat,  of  dermatology,  of  neurology,  and  many 
others,  gaining  an  introduction  to  the  wide  field  of  medicine. 
During  this  time  the  pages  of  the  innumerable  books  which  he  has 
studied  begin  to  come  alive  and  he  begins  the  acquisition  of  the 
clinical  experience  that  will  constitute  the  backbone  of  his 
knowledge. 

Following  this  year  of  general  introduction  to  the  clinical 
practice  of  medicine,  he  must  find  a  place  in  a  hospital  which  has 
been  approved  specifically  for  training  in  the  practice  of  radi- 
ology. For  the  hospital  to  have  this  distinctive  special  approval,  the 
doctors  in  the  radiology  department  must  be  highly  qualified  and 
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there  must  be  adequate  facilities  with  a  large  and  varied  practice. 
A  hospital  which  specializes  exclusively  in  tuberculosis  or  in 
diseases  of  the  chest,  for  example,  would  not  qualify,  since  the 
specialist  would  emerge  with  experience  only  in  a  narrow  part  of 
the  entire  field. 

During  the  first  six  months  of  the  required  three-year  training 
period,  the  aspirant  will  find  himself  assigned  to  the  technical 
aspects  of  radiology.  He  will  spend  most  of  his  time  watching  how 
x-rays  are  made  and  observing  the  general  conduct  of  the  x-ray 
department,  gaining  an  orientation  in  the  purposes  and  uses  of 
x-rays.  Following  this  initial  six-months  introduction,  he  will  learn 
the  art  of  fluoroscopy  under  the  careful  supervision  of  his  seniors. 
He  will  be  following  cases  on  the  wards  and  checking  their  ill- 
nesses against  the  x-ray  findings.  In  addition,  he  will  be  spending 
his  evenings  and  week-ends  deep  in  the  technical  literature  of  the 
speciality.  He  will  use  every  available  moment  to  check  carefully 
the  x-rays  going  through  the  department,  building  up  in  his  mind's 
eye  the  library  of  experience  which  will  mark  him  in  later  years 
as  a  qualified  radiologist. 

As  time  goes  on,  his  responsibilities  in  this  department  are  in- 
creased until  he  comes  to  supervise  some  of  the  film  processes  and 
is  assigned  to  various  subspecialties  in  x-ray.  Over  one  period  of 
time,  he  may  do  all  of  the  special  lung  procedures  that  have  been 
described  and  following  this  he  may  be  detailed  to  do  the  kidney 
procedures.  Mornings  he  may  be  very  busy  fluoroscoping  the 
stomach  and  colon  cases.  Evenings  he  will  be  on  emergency  call, 
watching  out  for  skull  fractures  and  other  major  accidents.  After 
a  while,  he  will  be  delegated  to  represent  his  department  at  the 
weekly  and  monthly  conferences  that  take  place  in  the  hospital. 
At  these  meetings  the  various  services  are  represented.  Cases  are 
analyzed  and  mutual  criticisms  are  made  both  from  a  diagnostic 
and  therapeutic  standpoint. 

During  the  course  of  the  residency,  he  will  study  tumor  disease 
intensively.  He  will  struggle  with  the  basic  physics  underlying  the 
use  of  radiation  equipment.  The  art  of  radiation  therapy  will 
gradually  become  familiar  to  him. 

Towards  the  end  of  this  three-year  period,  he  will  be  granted 
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considerable  responsibility  as  the  senior  resident.  He  will  under- 
take instruction  of  the  junior  residents  and  be  held  responsible  for 
a  considerable  portion  of  the  work  of  the  department.  Throughout 
these  three  years  his  pay  is  nominal  but  he  earns  his  food,  laundry, 
and  lodging.  If  he  is  married,  his  wife  may  have  to  work  to  support 
the  family  during  this  trying  economic  period.  He  is  not  likely  to 
see  very  much  of  his  family.  His  time  at  home  is  also  compromised 
by  the  enormous  amount  of  medical  literature  that  he  must  get 
through  in  order  to  have  some  command  of  the  field. 

At  last  his  three-years'  residency  is  completed  and  he  applies  to 
take  the  qualifying  examination  given  by  the  American  Board  of 
Radiology.  In  a  specialty  such  as  radiology,  certification  as  a 
specialist  by  the  Board  is  extremely  important.  Without  it, 
accredited  hospitals  will  not  recognize  the  radiologist  when  he 
applies  for  a  staff  position.  This  examination  is  conducted  by 
senior  men  in  the  field  and  is  entirely  oral  and  visual.  The  candi- 
date must  face  at  least  eight  different  radiologists  and  answer 
satisfactorily  their  questions  covering  a  wide  range  of  diagnosis, 
treatment,  pathology,  physics,  and  allied  problems.  If  he  passes 
the  examination,  he  is  granted  the  designation  of  Diplomate  of 
the  American  Board  of  Radiology.  If  he  fails,  he  may  be  allowed 
to  repeat  the  examination  in  six  months  to  one  year.  The  require- 
ments of  the  American  Board  of  Radiology  have  been  further 
increased  and  the  length  of  time  extended  for  future  radiologists. 

With  this  designation  of  Diplomate,  the  radiologist  is  then  ready 
to  strike  out  into  the  field  of  his  speciality  and  incidentally  to  earn 
a  living  and  support  his  family.  He  may  take  full-time  employ- 
ment with  a  government  agency  or  government  hospital  such  as 
the  Veterans'  Administration,  with  a  state  or  city  agency,  such  as 
the  Department  of  Hospitals  in  the  City  of  New  York,  or  with 
a  private  hospital  or  an  institution.  The  radiologist  may  also 
open  an  office,  expend  considerable  sums  in  equipping  it  and 
staffing  it,  and  engage  in  the  private  practice  of  radiology.  Then 
there  are  various  medical  groups  to  which  a  radiologist  may 
affiliate  and  with  whom  he  may  endeavor  to  earn  his  living.  Some 
radiologists  achieve  a  satisfactory  combination  of  these  methods. 
Many  find  that  their  most  satisfactory  experience  stems  from  an 
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association  with  a  medical  school.  The  contacts  with  students  and 
the  stimulating  discussions  with  other  staff  members  compensate 
for  the  many  unremunerated  teaching  hours. 

THE  TECHNICIAN 

Standing  next  to  the  physician  is  the  white-coated  figure  of  his 
technician.  The  technician  is  a  person  usually  motivated  by  a 
genuine  interest  in  medicine  who  has  completed  one  of  a  variety 
of  requirements  for  the  necessary  experience  to  work  in  this 
technical  speciality.  Some  technicians  have  gone  through  an 
apprenticeship  of  two  or  more  years  in  a  large-scale  hospital 
approved  for  this  kind  of  teaching.  Others  have  undertaken,  at 
private  expense,  to  go  through  a  university  or  a  specialized  school 
course.  Others  have  achieved  their  skill  by  night-time  apprentice- 
ship in  hospitals  and  other  institutions.  In  their  training,  they 
have  had  to  learn  about  the  equipment  and  its  potentialities  and 
about  avoiding  the  hazards  and  dangers  of  exposure.  Above  all, 
they  have  learned  the  technique  of  taking  a  film  of  the  body  part 
under  question  to  its  best  possible  advantage.  Many  technicians 
have  also  mastered  the  art  of  handling  a  patient  so  that  the  sick 
person  is  only  gently  manipulated  and  his  condition  not  worsened 
by  this  contact. 

After  having  mastered  the  technique  and  become  skillful  in  the 
art  of  radiography,  the  technician  also  has  a  relatively  wide  range 
of  opportunities  to  apply  his  skill  like  the  radiologist;  he  may  also 
engage  in  a  full-time  hospital  employment,  where  there  are  always 
helping  hands  to  guide  him.  In  the  larger  institutions  he  can  apply 
to  the  chief  technician  for  help  in  difficult  cases  and  thus  may 
expect  a  relatively  rapid  growth  in  skill.  Some  technicians  will 
seek  employment  in  the  private  offices  of  doctors,  where  they  will 
manage  the  x-ray  portion  of  the  ofhce,  take  care  of  ordering 
supplies,  and  in  many  cases  also  undertake  the  secretarial  duties 
associated  with  radiology,  such  as  the  typing  of  reports  and  the 
billing  for  professional  services. 

Special  mention  must  be  made  of  the  technicians  who  elect  a 
career  in  radiation  therapy.  They  must  have  qualities  beyond  the 
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technical  demands  of  their  daily  tasks.  Every  day  they  are  con- 
fronted with  difficult  and  sometimes  hopeless  cases.  They  must 
preserve  a  quality  of  human  kindness  to  inspire  and  encourage 
the  patients  they  serve.  Gentle  handling,  sympathy,  sensitivity — 
all  these  are  needed  in  such  a  position.  Not  everyone  will  do  under 
these  circumstances.  The  technician  will  do  well  to  consider  all 
the  factors  carefully  before  choosing  a  full-time  career  in  radio- 
therapy. 

Again  like  the  radiologist,  some  technicians  will  prefer  going 
into  government  service  and  will  make  a  career  in  the  armed 
services,  the  Veterans'  Administration,  or  one  of  the  health 
services. 

Still  other  technicians,  with  an  interest  in  engineering  and 
industry,  will  become  not  only  technicians  but  also  diagnosticians 
for  industrial  x-rays.  They  will  become  skilled,  for  example,  in 
looking  for  the  flaws  in  metal  blocks  which  industrial  films  will 
demonstrate  and  they  will  step  up  the  ladder  from  technique  to 
diagnosis  as  well.  Similarly,  some  may  find  themselves  in  the  x-ray 
department  of  a  large  art  museum  seeking  information  as  to 
technique  or  forgery. 

In  view  of  the  ceiling  on  wages  which  applies  to  technicians  and 
the  fact  that  this  may  be  reached  relatively  soon,  many  techni- 
cians seek  to  augment  their  income.  Some  accomplish  this  by 
branching  out  into  repair  services  and  into  the  sale  of  supplies  and 
accessories.  Many  of  the  companies  which  supply  x-ray  solutions 
have  been  originated  by  technicians.  They  may  be  able  to  further 
their  business  aims  by  means  of  the  medical  contacts  built  up  as 
technicians  in  the  x-ray  departments  of  large  hospitals. 

THE  SERVICES 

These  repair  and  solution  companies  represent  a  field  in  them- 
selves. The  repairmen  are  often  very  highly  skilled  x-ray  engin- 
eers, whose  work  may  be  part  of  the  service  rendered  by  the  x-ray 
company.  Others  may  have  originated  a  small  company  on  a 
community  basis  and  make  themselves  available  on  short  notice 
for  the  repair  of  x-ray  equipment.  Similarly,  the  supply  people 


WHO'S  WHO  147 

who  scour  the  developing  tanks  in  the  x-ray  darkrooms  and 
supply  new  solutions  are  also  people  who  may  be  part  of  a  large 
distributing  company  or  may  operate  as  smaller  companies 
serving  one  small  community. 

THE  MANUFACTURERS 

Behind  these  people  stand  the  giants  of  the  industry — the  x-ray 
manufacturers,  among  whom  are  names  like  General  Electric, 
Westinghouse,  Picker,  Standard,  Keleket,  Continental,  and  a  host 
of  others  in  this  country.  Most  of  these  companies  produce  a  wide 
variety  of  x-ray  equipment,  ranging  from  a  small  portable  unit 
to  large-scale  heavy  equipment.  This  is  big  business  and  is 
handled  with  sales  representatives,  sales  engineers,  and  all  the 
major  advertising  which  is  associated  with  major  business  en- 
deavor. At  the  principal  medical  conventions,  x-ray  equipment 
has  always  been  an  important  feature.  Large-scale  equipment  is 
transported  around  the  country  to  these  conventions,  together 
with  skilled  teams  of  exhibitors  to  give  demonstrations.  Each  of 
these  manufacturers  employs  a  research  staff  and  there  is  a 
constant  competition  to  produce  newer  and  better  equipment. 
New  models  are  produced  almost  yearly.  Film  manufacturers  such 
as  Eastman  Kodak,  duPont,  Ansco  and  others  make  a  definite 
contribution  to  the  field  by  their  production  of  numerous  types 
of  x-ray  films  and  solutions. 

THE  SCIENTISTS 

Another  group  in  this  field  is  composed  of  the  specialized 
physicists  who  are  interested  in  x-rays  and  in  improving  x-ray 
production.  These  are  persons  who  may  be  working  in  the  univer- 
sities and  who  may,  on  occasion,  work  also  as  consultants  to  the 
x-ray  companies.  They  are  constantly  striving  to  improve  the 
caliber,  output,  and  economy  of  x-ray  production.  Other  physi- 
cists inspect  the  premises  where  the  equipment  has  been  installed, 
checking  safety  factors.  They  seek  to  make  sure  that  the  lead 
lining  of  the  x-ray  room  is  adequate  to  keep  the  ray  confined  to 
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that  area  and  to  prevent  its  spread  with  possible  contamination 
and  exposure  of  adjoining  places.  Still  other  physicists  are  inter- 
ested in  crystallography  and  in  the  other  aspects  of  x-ray  in 
chemistry.  All  of  these  scientists  may  engage  in  fundamental 
research  as  well  as  in  routine  analyses. 


THE  DENTAL  AIDE 

In  almost  every  dental  office,  the  dental  aide  has  become  skilled 
in  taking  the  necessary  x-ray  films  of  the  mouth.  It  has  become 
standard  now  for  every  dental  patient  visiting  an  office  to  have  at 
least  one  x-ray  made,  and  usually  serial  x-rays  of  the  entire  mouth. 
The  modern  dentist  finds  x-ray  equipment,  dark-room  facilities, 
and  x-ray  supplies  a  necessary  part  of  his  office. 

And  so  our  picture  begins  to  complete  itself  The  doctor  with 
his  intricate  and  complex  training  is  now  in  a  position  to  utilize 
many  technical  services  in  the  interest  of  the  health  of  his  patients. 
When  a  child  has  a  stomach  ache  and  is  referred  to  the  x-ray 
specialist,  he  brings  to  bear  on  this  problem  the  entire  host  of 
skills  represented  in  the  x-ray  field — the  know-how  of  physicists, 
engineers,  x-ray  companies,  technicians,  and  himself. 


CHAPTER  18 

DANGER ! 


The  plain  truth  about  radioactive  radiations,  such  as  x-rays,  is 
that  they  are  extrasensory.  We  can  neither  see  them,  smell  them, 
taste  them,  hear  them,  nor  feel  them.  Although  x-rays  may  cause 
a  burn,  there  is  no  sensation  of  heat  while  they  are  being  ad- 
ministered. Even  though  x-rays  may  produce  profound  internal 
changes  with  disintegration  of  tumor  masses,  they  are  not  im- 
mediately felt.  Though  there  may  be  a  far-reaching  and  profound 
influence  upon  progeny,  the  progenitor  feels  no  change  in  himself 
Even  when  radiation  brings  death,  as  in  Nagasaki  and  Hiroshima, 
the  immediate  impingement  of  the  ray  is  not  overwhelming  or 
disturbing.  We  remain  completely  unwarned  on  confronting  this 
remarkable  hazard  in  our  present-day  living.  It  is  as  though  we 
were  exposed  on  a  battlefield  to  a  relentless,  incessant  fire  from  an 
enemy  whose  bullets  enter,  penetrate,  and  lodge  unperceived 
within  our  defenseless  bodies.  No  warning  is  given  to  take  shelter. 
The  damage  may  be  as  lethal  as  that  caused  by  actual  shot  and 
shell  but  the  warning  remains  completely  absent. 

Perhaps  the  most  exposed  segment  of  our  population  are  those 
doctors  who  devote  their  time  to  the  speciality  of  radiology.  An 
account  of  what  radiation  hazards  have  produced  among  radi- 
ologists will  give  us  an  inkling  of  the  effect  of  these  rays,  and  this  in 
a  highly  selected  segment  of  the  population,  those  who  are  aware 
of  the  hazards  and  attempt  to  protect  themselves.  The  first 
startHng  fact  is  that  eight  to  ten  times  as  many  radiologists  have 
perished  of  leukemia  or  blood  cancer  as  have  other  actively 
practicing  physicians.  The  second  fact  is  that  radiologists  appar- 
rently  have  a  shorter  life  expectancy  than  other  physicians,  a  life 
span  shorter  by  approximately  five  years  on  an  average.    We 
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cannot  measure  the  risk  that  their  descendants,  several  genera- 
tions removed,  may  suffer  in  malformation  and  disability,  both 
mental  and  physical.  Some  people  also  believe  that  among 
radiologists  there  is  a  diminished  resistance  to  disease  generally. 
It  is  also  important  to  note  that  there  are  local  changes  which 
may  occur  on  the  skin,  with  the  production  of  warts  and  possibly 
cancer. 

It  took  some  time  before  there  was  an  appreciation  of  the  special 
hazards  encountered  in  x-ray  work.  From  the  beginning  of  the 
discovery  of  x-rays  in  1895,  ^^^  ^^^^  that  rays  were  not  perceptible 
tended  to  make  people  think  that  they  were  completely  harmless. 
Not  until  the  effect  upon  the  skin  was  noted  in  those  who  were 
most  closely  associated  with  x-rays  did  their  possible  harmful 
effect  begin  to  be  appreciated.  In  the  early  days  of  diagnostic 
radiology,  when  x-ray  tubes  were  temperamental  because  of  the 
varying  gas  content  and  other  factors,  it  was  common  practice 
for  the  radiologist  to  take  a  number  of  preliminary  exposures  of 
his  hand,  as  has  been  mentioned. 

This  practice  and  other  exposures  resulted  in  a  long  list  of 
martyrs  to  radiology.  The  usual  sequence  was  that  the  early 
practicing  radiologist  would  notice  after  some  time  that  the  skin 
of  his  hand  was  becoming  cracked,  fissured,  red  and  inflamed.  A 
persistent  roughening  of  the  skin  would  remain  after  the  acute 
effects  had  worn  off.  In  time,  this  roughening  developed  into  a 
cancer.  These  early  workers  in  the  field  had  a  succession  of  ampu- 
tations, beginning  with  fingertips  and  extending  through  the 
hands,  forearms  and  arms.  Ultimately  they  died  from  a  spread  of 
this  original  skin  cancer  to  the  internal  organs.  Unfortunately,  this 
is  usually  an  irreversible  process  and  the  course  may  be  predicted 
once  the  harm  has  been  done  and  has  been  unrecognized  for  some 
time. 

Some  of  those  committed  to  martyrdom  still  live.  It  is  not  un- 
common to  see  the  newspaper  obituary  of  a  person  who  has  died 
of  cancer  induced  by  radiation  effect.  It  is  impossible  to  overlook 
the  enormous  personal  tragedy  involved  in  these  instances.  A 
well-known  woman  radiologist,  several  years  ago,  had  had  an 
amputation  through  her  left  forearm  and  her  right  upper  arm. 
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but  was  still  engaged  in  practicing  radiology  with  the  help  of  her 
colleagues.  She  realized  that  she  would  have  to  undergo  further 
amputation  and  that  death  itself  was  not  too  far  off.  For  a  person 
keenly  perceptive  and  knowledgeable  of  the  field,  these  sequelae 
on  one's  own  body  have  a  dreadful  impact. 

At  the  present  time,  the  radiological  profession  is  largely  aware 
of  the  hazards  and  attempts  are  made  to  minimize  them.  There 
is,  however,  one  aspect  of  radiology,  as  practiced  at  the  present 
time,  in  which  the  hazards  remain  potent  and  prolong  the  con- 
tinuation of  the  present  adverse  mortality  statistics.  This  field  is 
fluoroscopy.  When  a  physician  is  fluoroscoping  a  patient  he  must 
remain  in  the  same  room  with  the  patient.  The  patient  receives 
the  full  impact  of  the  radiation.  It  passes  through  his  body  and 
strikes  the  fluorescent  screen,  producing  the  image  that  the  radi- 
ologist sees,  giving  him  that  wonderful  opportunity  to  observe 
living  processes  in  the  body.  However,  to  see  it,  he  must  remain 
near  the  patient,  exposed  to  the  x-rays. 

Some  of  the  rays  that  enter  the  patient's  body  will  diverge  be- 
cause of  collisions  with  the  patient's  tissues  and  fly  in  all  directions. 
The  remainder  of  the  ray  continues  straight  through,  striking  the 
screen  as  intended.  The  radiologist  is  protected  by  the  leaded  glass 
in  the  fluoroscopic  screen  but  is  subject  to  the  secondary  radiation 
that  is  produced.  Though  serious  attempts  are  made  to  protect 
him  from  these  hazards,  every  time  a  physician  fluoroscopes  a 
patient  he  will  receive  on  his  person  a  perceptible  charge  of  x-rays 
and  these  will  add,  after  a  while,  into  a  large  and  deleterious  dose 
of  radiation. 

Because  of  the  cumulative  effect,  adding  up  slowly  bit  by  bit  in 
his  body,  the  radiologist  ultimately  may  suffer  an  irreversible 
change  in  his  body.  Specifically,  he  may  contract  leukemia.  The 
exact  mechanism  of  this  contraction  of  leukemia  is  not  fully  under- 
stood, nor  is  it  established  that  exposure  to  radiation  is  the  only 
cause  of  leukemia.  But  it  is  well  established  that  leukemia  can  be 
produced  by  the  bombardment  of  the  blood-forming  structures  by 
x-radiation.  These  blood-forming  structures  are  chiefly  the  bones 
of  the  body.  The  stray  radiations,  encountered  during  fluoroscopy 
or  at  other  times  during  the  practice  of  radiology,  bombard  the 
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bone  structure  and  ultimately  produce  malignant  white  blood 
cells,  the  kind  which  multiply  at  an  accelerated  rate  without 
regard  to  the  normal  needs  of  the  body.  The  white  cell  count  will 
rise,  for  example,  from  a  normal  of  approximately  7,000  per  cubic 
millimeter  to  as  high  as  200,000  in  the  same  small  unit  of  volume 
of  blood.  They  tend  to  squeeze  out  other  and  essential  cells,  in- 
cluding red  blood  cells,  and  ultimately  to  produce  death.  The 
leukemia  may  be  acute,  fatal  in  a  short  time,  or  chronic  over  a 
number  of  years.  The  radiologist  is  well  aware  of  the  outcome: 
the  change  is  irreversible  once  leukemia  has  been  established. 

These  hazards,  of  course,  are  not  confined  to  radiologists.  They 
affect  practitioners  in  another  speciality  which  has  recently  come 
under  the  influence  of  radiation,  namely  dermatology.  So  many 
skin  diseases  are  treated  by  x-ray  methods  that  the  dermatologist 
has  become  a  radiotherapist.  Almost  every  dermatologist  main- 
tains in  his  office  a  superficial  x-ray  apparatus.  Because  of  the  lack 
of  specific  training  in  hazard  and  protection,  the  dermatologist 
may  be  a  little  lax  in  his  personal  protection.  The  incidence  of 
leukemia  is  estimated  among  dermatologists  to  be  five  times  as 
high  as  that  occurring  among  other  actively  practicing  physicians. 

There  has  also,  in  recent  years,  been  a  general  increase  in  the 
number  of  leukemia  deaths  among  physicians  generally.  This  is 
attributable  to  the  increasing  use  of  x-ray  equipment  and  par- 
ticularly of  fluoroscopic  equipment  among  doctors  who  are  not 
radiologists.  In  the  past,  when  x-ray  equipment  was  ponderous 
and  unmanageable,  the  tendency  was  to  allow  it  to  remain  in 
hospitals  or  in  the  hands  of  specialists.  More  recently,  however, 
small  units  have  been  on  the  market,  particularly  designed  for 
general  practitioners.  Many  of  them  now  have  their  own  x-ray 
and  fluoroscopic  equipment.  And  since  many  are  inadequately 
prepared  by  background  and  training  to  take  the  necessary  pre- 
cautions for  their  own  safety,  we  may  look  to  see  a  further  increase 
in  the  incidence  of  the  dreadful  sequelae  of  overradiation  among 
doctors  as  a  group. 

It  may  be  said  that  protection  in  the  United  States  is  probably 
as  advanced  as  anywhere  in  the  world.  In  Italy,  on  a  recent  visit, 
I  saw  with  a  considerable  shock  that  in  the  x-ray  department  of 


Fig.  53.— Laue  spot  pattern  made  with  titanium.  (Courtesy  MD  Medical  News 
Magazine — Philips  Electronics,  Inc.) 


Fig.  54 — Shielding.  Cones  and  diaphragms  commonly  used  in  radiography  for 
control  of  secondary  radiation.  (Courtesy  General  Electric  Company.) 
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one  of  the  larger  hospitals  in  Florence  there  was  absolutely  no 
protection  for  the  technician  or  the  radiologist.  The  technician 
exposed  films,  standing  in  the  same  room  as  the  patient,  day  by 
day,  one  film  after  another.  Medical  visitors  to  the  x-ray  depart- 
ment as  well  as  the  hospital  staff  were  equally  splattered  with 
radiation.  This  laxity  cannot  fail  to  have  harmful  effects. 

In  addition  to  medical  men,  a  whole  host  of  other  persons  are 
involved  in  the  use  of  x-rays  and  are  exposed  to  radiation.  Among 
these,  we  have  to  consider  dentists,  because  of  the  ever-increasing 
survey  purposes  that  dental  x-rays  are  used  for.  There  are  also 
the  medical  and  dental  aides,  such  as  nurses,  technicians  and  office 
assistants,  who  frequently  help  in  taking  films  and  who  also  may 
receive  radiation.  There  remain  the  manufacturing  personnel,  the 
instructors  in  x-ray  technique  and  those  in  similar  occupations, 
who  are  subjected  to  a  stream  of  x-rays. 

The  hazards  extend  to  include  workers  in  the  isotope  fi^ld, 
where  similar  radiation  is  incurred.  Exposure  hazard  indeed 
extends  to  the  world's  population  as  a  whole,  because  of  the 
radiation  which  they  receive  both  as  patients  and  from  their 
environment.  The  hazard  and  danger  of  radioactive  radiations, 
then,  extend  to  everyone  and  everyone  needs  to  give  them 
thought. 

Perhaps  the  first  thing  to  appreciate  is  that  people  live  in  a 
naturally  radioactive  world.  The  environment  has  always  been 
radioactive  and  will  remain  radioactive.  In  the  earth  and  on  its 
surface  are  quantities  of  naturally  radioactive  elements :  radium, 
uranium,  actinium,  thorium,  and  rarer  substances.  These  ele- 
ments are  called  radioactive  because  they  are  in  a  constant 
process  of  emanating  radiation,  owing  to  the  fact  that  they  are 
structurally  so  complex  that  they  are  unstable. 

Their  radiation  is  not  inconsiderable  and  is  sometimes  intense. 
For  example,  a  uranium  prospector  in  the  West  recently  came  in 
for  a  night's  rest  to  a  local  hotel.  He  had  with  him  his  Geiger 
counter,  a  device  which  emits  clicks  on  coming  near  radioactive 
substances.  Near  the  large  stone  fireplace,  to  his  surprise,  the 
Geiger  counter  set  up  a  loud  staccato  clicking.  The  stone  had 
a  high  uranium  content  with  a  remarkable  output  of  natural 
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radioactivity.  It  is  interesting  to  speculate  on  how  much  radiation 
was  received  by  the  personnel  and  guests  of  the  hotel  and  how 
much  had  been  received  by  the  men  who  had  quarried  this  stone 
and  had  placed  it  in  position.  But  smaller  amounts  are  found  nor- 
mally in  the  material  with  which  our  homes  are  built.  We  are  faced 
with  continuing  to  endure,  as  we  have  endured  in  the  past,  the 
bombardment  of  our  bodies  by  natural  radioactivity  throughout 
our  span  of  years. 

Potassium  is  a  naturally  occurring  component  of  the  body  and 
also  is  found  commonly  in  food.  Potassium  has  an  isotope,  potas- 
sium-40,  which  is  normally  radioactive.  The  potassium  in  our 
bodies  and  in  our  environment  contains  some  of  this  radioactive 
isotope.  Similarly,  carbon  has  such  a  radioactive  isotope,  present 
in  the  body  and  in  food,  making  its  contribution  towards  the 
general  radiation  to  which  humans  are  naturally  exposed. 

In  addition  to  this  radiation  from  the  earth's  crust,  there  is 
another  component  known  as  cosmic  radiation.  This  term  has 
appeared  in  our  literature  generally  with  respect  to  interference 
with  radio  signals  and  electrical  phenomena.  It  is  a  mysterious, 
highly  energetic  radiation  which  originates  from  outer  space. 
These  rays  bombard  the  earth,  adding  to  our  general  radiation. 
The  cosmic  radiation  is  appreciably  stronger  at  high  altitudes,  at 
5,000  feet  having  about  double  the  intensity  it  has  at  sea  level. 

A  third  component  which  we  must  add  to  the  naturally  occur- 
ring radioactivity  which  is  experienced  by  all  of  us,  is  that  prod- 
uced by  man.  The  radioactive  material  which  is  created  by 
atomic  experiments  and  explosions  is  carried  by  the  wind 
currents  and  distributed  throughout  the  globe.  It  is  distributed  on 
the  earth's  crust  by  particle  fall-out.  It  is  estimated  that  a  some- 
what greater  concentration  of  this  atomic  fall-out  has  occurred 
over  the  United  States  than  elsewhere  in  the  world.  At  the 
present  time,  the  amount  of  this  fall-out  is  not  overwhelming  but 
several  interesting  facts  about  it  have  come  to  light.  One  has  to 
do  with  one  of  its  radioactive  components,  the  element  known  as 
strontium-90.  Strontium-go  has  many  of  the  same  properties  as 
calcium  and  becomes  incorporated  in  the  bone  structure  upon 
being  ingested.  For  all  practical  purposes  it  will  last  for  the  life- 
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time  of  the  person  in  whose  bone  it  is  found.  In  actual  fact, 
because  of  its  exceptionally  long  half-life,  its  bombardment  will 
be  maintained  much  longer  than  the  life  span  of  that  person. 

The  unfortunate  aftermath  of  a  high  concentration  of  strontium- 
90,  as  demonstrated  in  animal  experiments,  is  the  production  of 
bone  cancer.  If  the  concentration  of  strontium-90  were  to  exceed 
certain  levels,  bone  cancer  in  humans  would  undoubtedly  become 
widespread.  It  is  a  fact  that  bone  cancer  is  one  of  the  most  deadly 
types  of  cancer.  Its  treatment  by  surgical  methods  is  generally 
inadequate  because  of  late  detection.  It  is  highly  resistant  to 
radiation  therapy.  It  may  also  be  said,  in  passing,  that  while  the 
effect  of  strontium-90  itself  is  minimal  at  the  present  time  because 
of  its  minute  quantities,  this  element  may  also  work  in  company 
with  other  agents  and  have  sufficient  total  effect  to  produce 
leukemia  or  cancer  even  though  it  itself  is  present  only  in  limited 
quantities.  We  must  bear  in  mind,  then,  the  possibility  chat 
atomic  explosions  will  produce  agents  causing  specific  types  of 
cancer.  This,  of  course,  is  in  addition  to  the  generalized  bom- 
bardment of  the  body  and  the  generalized  effect  of  radiation. 

We  come  finally  to  the  last  component  of  radiation  to  which 
people  are  subjected — the  diagnostic  and  therapeutic  x-radiations. 
The  use  of  these  has  now  become  a  fairly  standardized  procedure. 
It  is  an  unusual  person  who  has  not  had  some  x-rays  of  his  teeth. 
Similarly,  few  persons  have  not  had  a  chest  film  or  a  more  special- 
ized x-ray  procedure  in  an  effort  to  find,  or  to  survey  for,  a 
disease  process. 

Various  responsible  scientific  bodies  have  tried  to  estimate  the 
amount  of  radiation  which  is  being  received  by  the  average 
United  States  inhabitant  at  the  present  time.  It  is  considered  most 
important  to  determine  the  amount  of  radiation  received  by  the 
reproductive  cells  of  the  body  as  a  focal  point,  especially  during 
those  first  thirty  years  that  are  perhaps  the  most  important  from 
the  reproductive  standpoint.  There  is  fairly  good  agreement 
among  these  surveys.  Calculations  show  that  for  the  first  thirty 
years  of  life  4.3  roentgen  units  of  radiation  are  delivered  to  the 
ovaries  or  testes  from  the  background  radiation.  This  background 
radiation  is  drawn  from  radioactive  substances  in  the  earth  and 
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from  the  cosmic  radiation.  Then  there  is  the  amount  of  radiation 
which  the  average  person  receives  in  the  reproductive  tract  from 
medical  and  dental  examination.  This  would  be  approximately 
3.0  roentgen  units  in  thirty  years.  Finally,  there  is  the  amount 
from  atomic  fall-out  due  to  nuclear  explosions.  This  varies  but  is 
approximately  o.  i  roentgen  unit.  This  figure  for  fall-out,  of  course, 
varies  enormously  depending  upon  proximity  to  the  bomb.  The 
survivors  of  Nagasaki  and  Hiroshima  explosions  who  were  near 
the  bomb  hypocenters  are  showing  a  rate  of  leukemia  which  is 
twelve  times  as  great  as  that  for  survivors  at  the  periphery  of  the 
explosion  areas. 

The  National  Academy  of  Sciences  of  the  United  States,  in  its 
most  recent  publication,  declares  that  the  safe  limit  for  exposure 
of  the  reproductive  area  for  the  first  thirty  years  of  life  is  10 
roentgen  units  exclusive  of  background  radiation.  These  measure- 
ments, of  course,  are  predicted  on  our  present  knowledge.  The 
quantity  and  quality  of  the  atomic  explosions  in  the  years  to  come 
may  dififer  enormously  from  those  of  today.  There  may  be  a 
marked  increase  in  the  amount  of  radiation  from  this  source.  In 
addition  there  may  be  a  considerable  increase  in  such  specific 
cancer  agents  as  deadly  strontium-90,  with  its  predilection  for 
bone  and  the  production  of  bone  cancer  and  leukemia. 

One  must  also  take  into  consideration  the  now  unpredictable 
industrial  use  of  atomic  power  and  the  radiation  which  will  result 
from  that  source.  Every  atomic  power  plant  turns  out  enormous 
quantities  of  radioactive  waste  material.  Disposal  of  this  material 
remains  a  difficult  and  thorny  problem.  Some  of  this  material 
loses  its  radioactivity  in  a  matter  of  seconds ;  other  portions  retain 
radioactivity  for  thousands  of  years.  This  material  must  be  buried, 
sunk  in  the  depths  of  the  sea,  or  in  some  way  neutralized.  Unless 
it  is,  the  background  radioactivity  figure  of  4.3  roentgen  units  will 
rise  to  an  uncounted  and  perhaps  unendurably  high  level. 

What  is  the  actual  effect  upon  the  body  of  x-rays  and  allied 
radioactive  radiations?  What  happens  when  a  beam  of  these 
invisible  rays  strikes  the  body,  either  from  the  earth's  crust,  from 
cosmic  rays,  from  fall-out  from  atom  bombs,  or  from  diagnostic 
x-ray  sources  ?  What  happens  to  these  rays  in  the  body  and  what 
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do  they  do  to  body  cells  ?  We  can  perhaps  reduce  it  to  the  picture 
of  a  single  x-ray  striking  a  single  component  of  the  body. 

This  component  may  be  water,  which  is  the  chief  part  of  the 
body,  or  it  may  be  a  complex  protein,  carbohydrate,  or  fat  mole- 
cule. The  exact  effect  is  due  to  the  impinging  x-ray  knocking  one 
of  the  circulating  electrons  out  of  an  atom  of  whatever  component 
it  strikes.  That  particular  atom  then  becomes  an  ion — it  is  ionized. 
This  alteration  in  the  structure  of  the  atom  is  fundamental.  It 
will  produce  profound  changes  in  the  body.  Their  nature  is 
difficult  to  estimate  and  has  been  approached  from  many  points 
of  view.  In  a  study  of  isolated  body  cells  bombarded  by  x-rays, 
observers  have  seen  swelling  of  the  cell,  fragmentation  of  its 
structure,  and  changes  in  its  parts.  All  these  alterations  are 
believed  to  be  due  to  the  basic  ionizing  effect  of  the  radioactive 
radiation.  Indeed,  these  radiations  are  sometimes  called  "ionizing 
radiations." 

The  effects  on  the  individual  are  of  two  kinds :  those  which  are 
transient  and  which  will  allow  for  complete  recovery,  as  we 
understand  it;  and  those  which  are  irreversible,  in  which  the 
injury  is  not  self-limited  and  progressive  worsening  is  encountered. 
An  example  of  the  first  or  transient  injury  is  the  tanning  of  the 
skin  during  a  course  of  radiation  therapy.  This  is  transient  and 
eventually  the  skin  will  return  to  its  normal  texture.  (There  are 
some  who  say  that  this  normal  structure  is  never  really  attained 
and  that  this  area  will  always  be  weakened  for  any  subsequent 
course  of  radiation.)  Cancer  and  leukemia  exemplify  those  effects 
which  are  definitely  not  self-limited  and  which  progress  through  a 
succession  of  changes  to  a  fatal  outcome. 

From  another  point  of  view,  however,  we  may  say  that  the 
effects  on  the  species — the  human  species — are  also  of  two  kinds. 
Here  the  first  kind  is  the  effect  on  the  somatic  tissues.  This  somatic 
effect  includes  the  tanning  of  the  skin,  the  bone  cancer,  the 
leukemia:  effects  limited  to  the  body  of  the  individual.  The  second 
kind  of  effect  is  that  upon  genes  and  reproductive  cells;  the 
genetic  effect.  This  effect  will  become  apparent  only  in  the  off- 
spring of  the  exposed  person :  the  next  generation  and  succeeding 
generations.  The  discoveries  of  Dr.  Herman  J.  MuUer  in  this  field, 
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and  the  opinions  of  geneticists  concerning  the  unhappy  effects  of 
mutations,  have  been  mentioned  earHer.  But,  if  it  is  conceded  that 
the  genetic  effects  of  radiation  are  bad,  one  may  ask:  How  bad? 

One  estimate  is  that  out  of  every  100,000,000  births  there  will 
be  40,000  mutants  in  the  first  generation.  In  most  cases,  the 
mutational  change  will  be  of  a  recessive  nature,  that  is,  it  will  be 
overshadowed  by  the  unchanged,  unmutated  inheritance  from  the 
partner  from  the  opposite  sex.  However,  after  a  number  of 
generations,  it  is  possible  that  two  recessive  mutants  will  come 
together  and  that  the  recessive  characteristic  will  then  be  mani- 
fested. This  recessive  characteristic  may  be  a  skin  blemish,  a 
deformity  of  a  limb,  a  mental  retardation,  or  any  one  of  a  number 
of  unfortunate  occurrences.  These  unfavorable  recessive  traits  are 
permanently  introduced  into  future  generations.  Because  of  the 
progressive  nature  of  these  changes  and  because  such  a  mutant 
gene  is  carried  until,  by  extreme  coincidence,  it  again  is  altered, 
geneticists  are  extremely  worried  about  the  effect  of  radiation  on 
gonadal  structure,  and  have  generally  adopted  the  philosophy 
that  any  radiation  is  bad  radiation.  They  are  extremely  interested 
in  finding  some  way  of  limiting  or  reducing  to  a  minimum  the 
amount  of  radiation  to  which  people  are  exposed. 

All  of  these  considerations  lead  us  to  the  important  questions  of 
the  reduction  of  radiation  hazard  generally  and  adequate  pro- 
tection from  existing  radiation.  For  the  population  as  a  whole, 
cosmic  radiation  and  naturally  occurring  radiation  from  the 
earth's  crust  are  probably  not  reducible.  The  current  atomic  fall- 
out that  results  from  nuclear  weapon  explosions,  however,  is  one 
radiation  source  over  which  there  can  be  control.  It  is  vital  that  a 
maximum  effort  be  made  to  control  and  perhaps  eliminate 
atomic  explosions.  It  must  be  borne  in  mind  that  they  not  only 
increase  the  general  radiation  in  the  environment  but  also  produce 
cancer  specifics,  such  as  strontium-90,  which  can  bring  worldwide 
tragedy.  Once  these  radiations  are  released  into  the  environment 
their  effects  become  uncontrollable.  In  medical  x-ray  exposures  it 
is  possible  to  protect  the  patient,  the  doctor  and  the  technician. 
In  the  laboratory  the  scientists  may  interpose  effective  shielding 
between  their  bodies  and  the  radiations.  But  in  allowing  strontium- 
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90  loose  in  our  atmosphere  we  are  producing  potentially  the 
greatest  hazard  to  mankind  ever  present  since  the  dawn  of  time. 
Both  our  bodies  and  future  generations  may  bear  the  scars  of  this 
action. 

The  future  augmented  use  of  atomic  power  and  consequent 
problems  of  disposal  of  radioactive  wastes  also  threaten  increasing 
environmental  radioactivity.  It  is  hoped  that  government  regula- 
tion and  licensing  of  nuclear  enterprises  can  achieve  the  protec- 
tion of  personnel  and  of  the  general  population  from  the  nuclear 
waste  products  of  industrial  processes.  Since  atomic  production  of 
power  will  take  on  wider  importance,  protection  from  the  hazards 
of  the  atom  must  be  equally  well  planned  for. 

Serious  consideration  must  also  be  given  to  the  medical  aspects 
of  radiation.  In  the  United  States,  approximately  3  roentgen 
units  are  delivered  to  the  reproductive  organs  of  the  average 
inhabitant  in  the  first  thirty  years  of  life.  Every  effort  should  be 
made  to  reduce  this  figure.  Medical  science  is  working  now  on 
devices  which  will  limit  and  reduce  the  amount  of  radiation 
which  is  received  during  the  course  of  diagnostic  procedures.  It  is 
certainly  a  worthwhile  procedure  to  examine  present-day  x-ray 
practice,  both  dental  and  medical,  from  the  point  of  view  of 
reducing  the  number  of  examinations.  In  this  connection  survey 
work,  especially  of  the  chest,  will  probably  be  reappraised  from 
the  point  of  view  of  the  net  results  as  balanced  against  the 
radiation  eff'ect. 

However,  it  cannot  be  too  strongly  stated  that  if  the  medical 
profession  were  to  deprive  itself  of  the  diagnostic  and  therapeutic 
values  of  radioactivity,  the  progress  of  medicine  would  be  halted 
and  the  present  high  standards  of  medical  practice  would  be 
sharply  limited.  It  is  necessary  only  to  point  to  the  brilliant 
advances  which  the  x-ray  has  made  possible,  particularly  in 
diagnosis,  to  realize  that  without  this  resource  medical  practice 
would  be  markedly  retarded.  The  advantages  of  the  medical  use 
of  the  x-ray  beam  far  outweigh  the  disadvantages  of  its  radiation 
hazards.  Protection  for  those  necessarily  engaged  in  the  handling 
of  radioactivity  in  the  medical  and  allied  professional  areas  should 
be  the  object  of  increasing  research. 


i6o  THE  X-RAY  STORY 

Care  and  the  proper  use  of  equipment  can  moderate  the 
adverse  effects  of  radiation  through  three  principles  of  protection. 
The  first  of  these  is  shielding — interposing  between  personnel  and 
source  of  radiation  an  adequate  quantity  of  a  substance  which 
will  block  radiation.  In  diagnostic  x-ray,  shielding  usually  means 
lead.  Against  other  forms  of  radioactivity  it  may  mean  concrete, 
water,  or  some  other  substance  which  will  absorb  radiation 
before  it  has  reached  the  working  personnel.  The  second  principle 
is  distance.  The  greater  the  distance  from  the  source  of  radiation 
the  less  the  effect.  In  radium  protection,  distance  plays  a  most 
important  role.  The  third  principle  is  time.  The  amount  of  time 
spent  at  the  radiation  site  creates  a  proportionate  amount  of 
exposure.  Because  of  this,  in  fluoroscopy,  the  amount  of  time  is 
kept  as  small  as  possible  so  that  the  exposure  may  be  limited. 

In  this  connection,  it  should  be  stated  that  x-ray  procedures 
should  be  performed  only  by  those  physicians  who  are  qualified 
in  radiology.  Observing  this  rule  would  minimize  re-examinations, 
since  the  work  would  be  of  a  high  diagnostic  caliber,  and  each 
examination,  moreover,  would  result  in  minimal  radiation,  both 
to  patient  and  to  medical  observer.  The  physician  who  is  ex- 
perienced in  fluoroscopy  is  able  to  determine  whether  or  not  there 
is  an  abnormality  in  less  time,  with  less  expenditure  of  radiation, 
than  those  physicians  who  are  not  especially  trained  in  fluoro- 
scopy. Only  about  4,000  doctors  have  undergone  the  extensive 
specialized  training  of  radiologists.  These  are  about  3%  of  the 
estimated  126,000  professional  users  of  x-ray  equipment  today. 

We  must  reconcile  ourselves  to  living  in  a  radioactive  world,  a 
world  which  has  been  radioactive  since  its  inception  and  will 
continue  to  be  so.  We  are  not  increasing  or  reducing  the  hazards 
by  recognizing  them.  We  must  present  information  calculated  not 
to  scare  but  rather  to  inform  people  about  naturally  occurring 
radioactivity  and  the  increment  which  is  added  by  man.  The 
value  of  radiation  must  be  carefully  weighed  against  the 
possible  risk  involved.  When  the  value  is  found  to  indicate  that 
some  procedures  must  and  should  be  performed,  such  as  further 
expansion  of  atomic  power  plants  and  medical  and  dental  use  of 
x-ray,    then   a   maximum   effort   must   be  made  to  successfully 
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shield    both    personnel    and    patients    from    the    side    effects    of 
radiation. 

Meantime,  it  is  too  early  to  assume  that  the  radiation  doses 
now  presumed  permissible  and  safe  are  in  actual  fact  permissible. 
We  do  not  know  for  certain;  these  figures  are  based  on  animal 
experimentation  and  whether  they  hold  for  humans  is  not  known. 
We  do  know  that,  progressively  over  the  years,  what  has  been 
considered  the  safe  permissible  dose  of  radiation  has  been  lowered 
again  and  again.  No  one  can  say  that  what  we  consider  to  be  a 
safe  dose  at  the  present  time  will  in  future  years  actually  be 
proved  to  be  harmless.  The  lack  of  certainty  about  the  amount  of 
radiation  which  can  safely  be  tolerated  by  humans  should  en- 
gender a  healthy  conservatism  toward  radiation  generally  and  a 
concerted  effort  to  reduce  exposure  wherever  possible. 
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FUTURES  UNLIMITED 


The  enormous  diagnostic  and  treatment  values  which  have 
become  available  to  the  human  race  by  means  of  the  epochal 
discovery  by  Wilhelm  Conrad  Rontgen  have  resulted  in  a  net  gain 
of  incalculable  value  to  humanity.  Benefits  have  been  expanded 
similarly  in  all  the  allied  sciences,  and  in  research,  industry,  and 
art.  The  era  of  radioactivity  is  still  in  its  infancy  and  what  we  now 
perceive  is  the  mere  faint  glow  of  the  dawn  of  a  marvelous  new 
period  which  may  be  organized  around  the  atom  and  radioac- 
tivity. It  is  the  fervent  hope  of  humanity  that  such  a  period  will 
enjoy  the  peaceful  benefits  of  radioactivity  and  not  the  horrors  of 
atomic  war. 

Innumerable  new  medical  applications  are  being  pioneered  in 
laboratories  all  over  the  world  to  further  enhance  the  diagnostic 
and  therapeutic  applications  of  radiation.  Undoubtedly  the 
steady  flow  of  achievements  from  these  laboratories  into  the  hands 
of  practicing  physicians  will  continue.  These  will  lead  to  a  major 
new  usefulness  for  radiology — the  detection  of  disease  before  it 
becomes  apparent  to  the  patient.  For  in  certain  types  of  cancer, 
it  is  often  too  late  when  the  patient  becomes  aware  of  discomfort. 
The  challenge  is  to  discover  techniques  for  the  detection  of 
malignant  disease  before  it  becomes  evident  to  the  patient  that  he 
has  the  disease.  Meeting  it  means,  of  course,  the  periodic  use  of 
x-ray  and  other  methods  for  the  determination  of  disease.  And 
two  problems  are  immediately  posed :  financing  and  safety. 

A  major  financing  is  needed  in  order  to  make  early  detection 
available  to  the  whole  population.  The  cost  of  medical  care  has 
always  plagued  both  the  patients  and  the  doctors  who  provide  the 
medical  services.  This  problem  will  come  sharply  into  focus  if  a 
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comprehensive  plan  for  early  disease  detection  is  seriously  con- 
sidered. For  some  time  the  costs  of  the  additional  services  needed 
for  early  detection  will  be  additions  above  present-day  costs  for 
the  treatment  of  overt  disease.  However,  in  time,  these  increased 
costs  would  be  more  than  offset  by  the  reduced  cost  of  late 
medical  care,  involving  extensive  hospitalization,  prolonged  ex- 
pensive medical  procedure  and  rehabilitation.  The  detection 
program  will  require  meeting  the  costs  of  the  careful,  highly 
skilled  procedures  needed  in  order  to  expose  disease  when  it  is  in 
its  earliest  stages.  Yet  if  the  world  could  have  a  closer,  detailed 
look  at  the  daily  tragedy  of  cancer  found  too  late,  no  one  would 
want  to  spare  expense.  If  people  and  their  governments  could  see 
the  hopeless  struggle  of  the  human  spirit  against  the  late  stages  of 
incurable  disease,  the  answer  would  be  prompt  and  clear.  The 
plain  facts  are  that  today  our  medical  programs  are  admirably 
geared  to  diagnosis  and  treatment,  once  the  patient  has  a  com- 
plaint. What  is  needed  is  the  type  of  medical  care  and  medical- 
care  distribution  which  will  effectively  reach  people  before  the 
disease  has  caused  symptoms. 

The  second  problem,  in  effecting  widespread  use  of  x-ray  pro- 
cedures, has  to  do  with  the  hazards  of  such  techniques,  both  to 
patients  and  to  medical  personnel.  This  implies  a  careful  evalua- 
tion of  each  procedure  from  the  point  of  view  of  yield  as  compared 
with  possible  harmful  consequences.  It  also  means  implementa- 
tion of  newer  techniques  to  reduce  radiation  exposure.  There  is  no 
sound  reason  to  believe  that  these  problems  cannot  be  solved. 
X-ray  machines  are  already  available  that  radically  reduce  the 
dosage  in  miniature  x-ray  chest-survey  methods. 

The  challenge  to  mankind  presented  by  disease  is  not  new.  The 
world  has  lived  with  cancer  for  thousands  of  years.  Heart  disease, 
the  aging  process,  crippling  arthritis,  and  many  other  disabling 
conditions  have  been  continual  scourges  over  the  years.  X-ray 
methods  have  thrown  a  powerful  beam  on  these  conditions.  It  is 
time  to  amplify  efforts  to  control  these  processes  and  to  step 
forward  in  disease  prevention  by  the  widespread  use  of  the  most 
advanced  technique  for  early  diagnosis. 
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Acne — A  skin  condition  characterized  by  blackheads  and 
pimples,  chiefly  occurring  in  the  adolescent. 

Adenoid — Lymphoid  tissue  found  at  the  back  of  the  nose,  some- 
times interfering  with  breathing  or  hearing  and  usually 
removed  with  the  tonsils. 

Adhesion — Generally  a  residual  of  previous  surgery  consisting  of 
a  band  of  tissue  which  may  obstruct  the  intestine. 

Alimentary  Canal — The  long  tract  consisting  of  esophagus, 
stomach,  small  and  large  bowel,  and  rectum  down  which  food 
content  passes. 

Allergy — A  hypersensitivity  reaction  to  specific  substances. 

Ampere — The  unit  of  electrical  current,  i.e.,  a  flow  of  one 
coulomb  per  second. 

Aneurysm — A  localized  bulging  of  a  blood  vessel. 

Angiography — An  x-ray  procedure  in  which  the  arteries  are  out- 
lined by  an  opaque  substance. 

Angstrom — A  unit  of  length,  i.e.,  one  Angstrom  equals 
1/100,000,000  of  a  centimeter.  Used  in  measuring  wavelengths 
of  light. 

Anode — The  positive  electrode. 

Anticathode — A  synonym  for  the  anode. 

Antrum — A  hollow  space : 

Stomach  Antrum — The  first  part  of  the  stomach. 
Sinus  Antrum — A  synonym  for  the  maxillary  sinus. 

Anus — The  termination  of  the  alimentary  canal. 

Aorta — The  large  artery  extending  from  the  heart  down  to  the 
pelvis. 

Appendix — The  small  tubular  appendage  extending  from  the 
cecum. 
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Arthritis — Inflammation  of  a  joint. 

Rheumatoid  Arthritis — Chronic  arthritis  affecting  many 
joints, characterized  by  granulation  tissue  and  osteoporosis. 
Osteoarthritis — Chronic    arthritis    characterized    by    de- 
generative   changes  with  lipping   and   spurring  of  joint 
margins. 
Artifact — Defect  or  shadow  produced  on  film  which  has  no 

relation  to  the  actual  condition  of  the  object  being  x-rayed. 
Atom — The  smallest  particle  of  matter  exhibiting  the  characteris- 
tics of  an  element.     It  consists  essentially  of  a  positively  charged 
nucleus  and  negatively  charged  orbital  electrons,  and  resembles 
a  microscopic  solar  system. 
Atomic    Mass    (Weight) — The    total   number   of  protons   and 

neutrons  in  the  nucleus. 
Atomic  Number — The  number  of  protons  in  the  nucleus  or  the 

number  of  orbital  electrons. 
AuTOELECTRONOGRAPHY,  X-RAY — An  X-ray  proccdurc  in  which 
the  object  being  x-rayed  emits  electrons  which  expose  the  film. 

Barium — A  metal  of  the  alkaline  earth  group  used  as  barium 

sulphate  in  gastrointestinal  examination. 
Beam — Synonymous  with  ray. 
Benign — Used  to  describe  a  tumor  which  does  not  spread  to 

distant  sites  in  the  body,  i.e.,  is  not  malignant. 
Betatron — A  particle  accelerator  capable  of  producing  electron 

beams  of  very  high  energy  (voltage)  or  x-rays  of  extremely  high 

penetrating  power. 
Biological    Determinism — The    concept   which   indicates    that 

prognosis  in  cancer  is  largely  dependent  on  the  characteristics 

of  the  particular  tumor  cell  involved. 
Bladder — A  body  sac  serving  to  contain  gas  or  fluid. 
Gall  Bladder — Contains  bile. 

Urinary    Bladder — Contains    urine    collected    from    the 
kidneys. 
Bowel — The  intestinal  canal,  sometimes  used  to  refer  only  to  the 

colon. 
Bronchus — Tracheal  branches  in  the  lungs. 
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Bursitis — Inflammation  of  the  small  bursa  or  sac  resulting  in 
pain  noted  in  relation  to  many  joints. 

Cancer — A  malignant  tumor,  i.e.,  a  tumor  which  spreads  to 
distant  sites  in  the  body. 

Capillary  Attraction — The  flow  of  liquids  in  capillary  tubes. 

Carbuncle — A  large  boil. 

Cardiologist — A  medical  heart  specialist. 

Catheterization,  Cardiac — The  passage  of  a  thin  tube  along 
the  course  of  a  vein  into  the  heart  chambers  for  the  purpose  of 
cardiac  diagnosis. 

Cathode — The  negative  electrode. 

Cathode  Ray — The  flow  of  electrons  away  from  the  cathode 
in  a  vacuum  tube. 

Cavity — An  enclosed  space  within  the  body  which  may  on 
occasion  be  communicating. 

Dental  Cavity — Referred  to  as  caries  indicating  cavities  in 

the  teeth  caused  by  tooth  decay. 
Pulmonary  Cavity — Usually  refers  to  tuberculous  lesions 
which  produce  an  abscess  in  the  lung. 

Cecum — The  first  portion  of  the  large  bowel. 

Cell — A  body  unit  consisting  of  protoplasm,  nucleus,  and  limiting 
membrane.  Examples  are  germ  cells,  the  units  of  reproduction, 
and  body  cells. 

Centrifuge — A  mechanism  for  spinning  fluid  at  a  high  rate  of 
speed  to  separate  heavier  and  lighter  components. 

Cervix — The  canal  leading  into  the  uterus. 

Chamber,  Cardiac — Refers  to  any  of  the  four  spaces  in  a  nor- 
mally constructed  heart. 

Cobalt,  C0-60 — A  radioactive  isotope  of  cobalt. 

Coin  Lesion — Refers  to  a  rounded  density  in  the  lungs. 

Colic — Spasmodic  pain,  usually  abdominal. 

Colitis — Inflammation  of  the  colon. 

Colon — The  large  bowel,  beginning  with  the  cecum  and  termina- 
ting with  the  last  portion  of  the  sigmoid  flexure. 

Conduction — The  passage  of  an  electrical  current. 

Congenital — Refers  to  a  condition  present  at  birth. 
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Congestion — Retention  of  body  fluids. 

Contrast — Refers  to  the  depth  of  black  and  white  on  x-ray  films. 
Coronary  Arteries — The  arteries  that  supply  the  heart. 
Corrosive — Refers  to  a  substance  which  will  erode  human  tissues. 
Cosmic  Radiation — A  highly  penetrating  radiation,  originating 

in  outer  space,  which  bombards  the  earth  in  all  directions. 
Crookes  Tube — A  vacuum  tube  invented  by  William  Crookes  in 

which  the  gas  content  is  rarefied  to  such  a  high  degree  that 

upon  excitation  cathode  rays  may  shoot  across  the  tube  causing 

the  opposite  wall  to  fluoresce. 
Crystallography — The  science  of  crystals,  dealing  with  their 

structure,  etc. 
Current — The  rate  of  flow  of  electricity. 

Alternating  Current — A  current  in  which  there  is  a  fluctu- 
ating positive  and  negative  flow  of  electricity. 
Direct  Current — A  current  in  which  there  is  a  single,  uni- 
directional flow  of  electricity. 
Cyclotron — An  instrument  to  accelerate  protons  or  deuterons. 
Cyst — A  benign  tumor  which  may  be  solid,  fluid,  or  empty. 
Cystitis — Inflammation  of  the  urinary  bladder. 

Dermatitis — Inflammation  of  the  skin. 

Diaphragm — A  mechanism  for  altering  the  size  of  an  opening. 
Body    Diaphragm — The    musculo-tendinous   partition   be- 
tween the  thorax  and  abdomen. 
Fluoroscopic  Diaphragm — A  device  to  control  the  exposure 

of  the  surface  of  the  fluoroscopic  screen. 
PoTTER-BucKY  DiAPHRAGM — A  dcvicc  to  cxcludc  sccoudary 
radiation  from  fogging  x-rays. 
Diffraction — The  separation  of  light  into  its  components. 

Pattern  Diffraction — The  arrangement  of  diffracted  x-ray 

components. 
X-RAY  Diffraction — The  separation  of  x-rays  by  diffraction 
through  crystals. 
Disc,    Vertebral — The    fibro-cartilage    plate    found    between 

vertebrae. 
Diverticulum — A  localized  sac  extending  from  the  principal  organ. 


GLOSSARY  169 

Dose — A  calculated  quantity. 

Fractionated  Dose — Separation  of  a  single  large  dose  into 

smaller  units  given  over  a  period  of  time. 
Lethal  Dose — The  quantity  which  will  cause  death. 
Duodenum — The  first  portion  of  the  small  intestine. 

Duodenum    Bulb — The    first    portion    of   the    duodenum, 
immediately  following  the  pyloric  canal. 

Electrode — The  positive  or  negative  pole  in  an  electrical  system. 

Electron — An  elementary,  negatively  charged  particle  which  is 
a  constituent  of  all  matter  and  which  is  the  negative  electrical 
unit  of  the  atom. 

Electronography,  X-ray — The  bombardment  by  x-rays  of  a 
metal  of  a  high  atomic  number  to  produce  electrons  needed  to 
expose  the  film. 

Empiricism — The  theory  that  experience  is  the  basis  of  all  know- 
ledge. 

Epidermis — The  skin. 

Erythema — Reddening  of  the  skin  due  to  capillary  congestion. 

Esophagitis — Inflammation  of  the  esophagus. 

Esophagus — The  tube  connecting  the  mouth  and  stomach. 

Exposure — The  length  of  time  used  in  radiation,  usually  diag- 
nostic. 

Fallopian  Tube — The  hollow  passageway  extending  from  each 
side  of  the  uterus  and  ending  in  the  peritoneal  cavity  in  the 
neighborhood  of  the  ovaries. 

Fall-out — A  term  used  to  describe  radioactive  material  pro- 
duced in  the  environment  as  a  result  of  the  utilization  or 
explosion  of  nuclear  devices. 

Filtration — A  process  causing  radiation  to  pass  through  a 
substance  which  aflfects  the  quality  of  the  beam. 

Flatulence — The  production  of  gas. 

Fluoresce — To  glow  when  subjected  to  radiation. 

Fluorescent  Screen — As  used  in  radiography,  a  coated  screen 
which  x-rays  cause  to  glow  in  the  image  of  the  part  of  the  body 
being  radiated. 
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Fluoroscope — An  apparatus  to  produce  radiation  with  the 
subsequent  illumination  of  a  fluorescent  screen. 

Gallstone — A  stone  produced  in  the  biliary  system. 

Gastritis — Inflammation  of  the  stomach. 

Gastroenterologist — A  medical  specialist  in  diseases  of  the 
alimentary  tract. 

Gene — The  carrier  of  hereditary  substance. 

Generator — In  radiology,  this  is  an  apparatus  to  supply  to  the 
x-ray  tube  electrical  energy  necessary  for  the  production  of  x-rays. 

Genetic — Pertains  to  hereditary  factors. 

Gland — Body  tissue  which  can  elaborate  substances  used  else- 
where in  the  body.  Examples  are:  lymph,  prostate,  salivary, 
parotid,  ovarian,  and  pituitary  glands. 

Gonad — A  gland  which  produces  male  or  female  hereditary 
material. 

Gynecology — The  medical  specialty  pertaining  to  women's 
diseases. 

Half-life — The  time  during  which  half  a  given  amount  of 
radio-active  substance  will  have  decayed. 

Hard  X-rays — Homogeneous  x-rays  which  have  a  high  pene- 
trating power  and  are  used  to  combat  disease  processes  in  the 
depths  of  the  body  without  concentrating  their  radiation  on 
surface  tissues. 

Heart  Disease — The  condition  produced  by  narrowing  of  the 
coronary  arteries. 

Hemangioma — A  benign  tumor  of  blood  vessels. 

Hemorrhoids — Distended  rectal  veins. 

Hernia — The  protrusion  of  the  contents  of  one  portion  of  the 
body  into  another  portion  or  externally. 

Herpes — A  viral  disease  producing  painful  blisters.  Popularly 
called  "shingles." 

Image  Amplifier — An  apparatus   to  produce  brighter,   clearer 

fluoroscopic  images. 
Induction  Coil — An  early  device  to  obtain  high  voltages  for 

x-ray  production. 
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Infiltration — Usually  refers  to  the  presence  of  white  blood  cells 

as  a  result  of  infiltration. 
Intravenous — Within  a  vein. 
Ionization — Separation  of  a  neutral  material  into  positive  and 

negative  parts  or  ions. 
Ionizing  Radiation — Any  radioactive  radiation  which,  in  striking 

the  body,  alters  the  charge  of  (ionizes)  the  atoms  of  the  body  cells. 
Isotope — One  or  two  or  more  species  of  the  same  element,  with 

the  same  atomic  number  but  different  atomic  weights. 

Radioactive    Isotope — An   unstable   isotope   which   emits 
radiation  while  decaying. 

Keloid — Excessive    scar    reaction,    usually    resulting    from    an 

injury. 
Keratin — A  body  substance  found  in  horns,  nails,  and  hair. 
Keratogenesis — The  production  of  keratin. 
Kilo-volt — 1,000  volts. 

Larynx — The  voice  apparatus  found  in  the  neck. 

Laue  Pattern — The  diffraction  arrangement  produced  by  the 

passage  of  x-rays  through  crystals. 
Leukemia — A  form  of  blood  cancer. 
Lymph  Gland — One  of  the  rounded  masses  of  lymphoid  tissue  in 

various  parts  of  the  body,  which  may  become  inflamed  or  the 

site  of  tumor  formation. 

Malignancy — The  type  of  tumor  in  which  there  is  spread  to 

distant  parts  of  the  body. 
Mass,   Atomic — The   number  of  neutrons   and  protons   in   the 

nucleus. 
Mass,   Tumor — Refers   to   a   palpable   collection   of  tissue   not 

normally  present. 
Mediastinum — The    mid-line    space    in    the    thorax    containing 

heart,  lymph  nodes,  and  great  vessels. 
Mitosis — The  process  of  cellular  reproduction. 
Molecule — The  smallest  part  of  a  compound  that  retains  the 

properties  of  that  compound. 
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Mutation — A  permanent  change  in  the  hereditary  factors  of  a  cell. 

Myelography — A  diagnostic  technique  in  which  some  spinal 
fluid  is  removed  and  in  its  place  an  opaque  medium  is  intro- 
duced which  may  then  be  observed  by  fluoroscopy  as  it  travels 
up  and  down  the  spinal  cord  and  be  recorded  on  x-ray  film. 

Neurology — The  medical  specialty  entailing  the  study  of  the 

nervous  system. 
Neutron — An  uncharged  particle  found  in  the  nucleus  of  an 

atom. 
Nucleus — A  centrally  located  material. 

Atom   Nucleus — A   positively   charged   core   consisting   of 
protons,  neutrons,  and  possibly  other  sub-atomic  particles. 
Cell   Nucleus — The   portion   of  the   cell   concerned  with 
reproduction. 

Obstruction — An  occlusion,  complete  or  incomplete,  of  a  body 

passage. 
Ohm — The  unit  of  electrical  resistance. 
Orbit — The  pathway  taken  by  circulating  particles  as  in  the 

atom. 
Orthopedic  Surgeon — The  medical  specialist  dealing  with  bone 

and  joint  diseases. 
Osteomyelitis — Inflammation  of  the  bone. 
Ova — The  female  cell  of  reproduction. 
Ovary — The  female  reproductive  gland. 

Paleopathology — The  study  of  disease  in  antiquity. 

Pancreas — A   body   gland   concerned   with   the   production   of 

insulin  and  digestive  juices. 
Papanicolau  Method — A  technique  for  the  examination  of  body 

cells  for  malignant  characteristics. 
Parotid  Gland — A  gland  located  on  the  side  of  the  face  which 

may  become  inflamed  and  produce  marked  painful  swelling. 
Pathology — The  study  of  disease. 
Pericardium — The  membrane  which  encloses  the  heart  and  the 

roots  of  the  great  blood  vessels  in  vertebrates. 
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Physics — The  science  treating  with  the  phenomena  of  nature  and 
the  property  and  forces  of  matter. 

Physiology — The  study  of  the  functions  of  the  body  or  its  parts. 

Pleurisy — Inflammation  of  the  external  lining  envelope  of  the 
lungs. 

Pneumothorax — The  presence  of  air  within  the  thorax  which 
compresses  the  lung  tissue  externally. 

Poker  Back — An  extreme  form  of  arthritis  of  the  spine. 

Potential — As  used  in  electricity,  refers  to  a  different  level  of 
electricity  between  two  poles. 

Prognosis — The  medical  art  of  foretelling  the  course  and  termina- 
tion of  a  disease. 

Prostate  Gland — A  gland  located  at  the  base  of  the  bladder 
surrounding  the  urethra,  the  external  passageway.  It  may 
become  enlarged,  causing  bladder  obstruction. 

Pyloric  Canal — The  muscular  canal  leading  from  the  stomach 
into  the  first  portion  of  the  duodenum. 

Pyorrhea  Alveolaris — Inflammation  and  degeneration  of  the 
periodontium. 

"r" — The  unit  of  x-ray  quantity. 

"RAD" — A  unit  of  x-ray  quantity  in  relation  to  absorption  by 
specific  body  tissues. 

Radiation — This  term,  as  used  in  the  field  of  radiology,  pertains 
to  the  use  of  x-rays,  isotopes,  and  other  sources  of  radiant 
energ)^  for  therapeutic  purposes.  Radiation  may  be  described  as 
primary  or  secondary,  hard  or  soft,  characteristic  or  general. 

Radioactive — Pertains  to  the  property  of  certain  elements  to 
emit  radiant  energy. 

Radiography — The  art  of  producing  diagnostic  x-ray  films. 

Radiosensitivity — This  term  is  applied  to  the  response  of  a  given 
tissue  to  a  dose  of  radiation.  Some  tumor  tissues  are  extremely 
sensitive  and  respond  to  radiation  whereas  others  are  extremely 
resistant  to  radiation. 

Radiotherapist — A  medical  specialist  in  radiation  treatments. 

Rectifier — A  mechanism  to  convert  an  alternating  current  into  a 
direct  current. 
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Resident — A  member  of  the  hospital  staff  who  performs  a  special 

type  of  hospital  training  work. 
Rheumatic  Fever — A  disease  associated  with  joint  and  heart 

pathology.  The  cause  is  not  definitely  established  but  it  may  be 

associated  with  streptococcal  inflammatory  disease  of  the  throat. 
Rickets — A  vitamin-deficiency  disease  in  which  the  bones  soften 

and  develop  deformities. 
RoNTGEN,  Professor  Wilhelm — The  discoverer  of  the  x-ray. 
Roentgen  Unit — Synonymous  with  "r"  unit. 
Roentgenogram — Synonymous  with  a  developed  x-ray  film. 

Scalpel — A  surgeon's  knife. 

Screens,  Intensifying — The  fluorescent  screens  used  inside  of 

cassettes  for  the  purpose  of  amplifying  the  x-ray  image  on  the 

x-ray  film. 
Shielding — The  protection  used  to  ward  oflf  x-rays. 
Shingles — A  viral  disease  characterized  by  painful  blistering. 
Sigmoid — The  portion  of  the  colon  located  in  the  left  lower  part  of 

the  abdomen. 
Small  Intestine — That  portion  of  the  digestive  canal  extending 

from  the  pylorus  to  the  cecum  and  consisting  of  duodenum, 

jejunum,  and  ileum.  The  small  intestine  is  approximately  20  feet 

long. 
Somatic — Pertains  to  body  tissues. 
Spectroscope — A  mechanism  to  disperse  a  radiation  beam  into 

its  spectrum. 
Spleen — An  organ  with  a  rich  vascular  content  located  under  the 

left  diaphragm. 
Spot  Film  Device — An  apparatus  to  enable  immediate  films  to 

be  made  during  fluoroscopic  examination. 
Stereoradiography — Visualization  in  depth  by  means  of  a  pair 

of  x-rays. 
Stool — Refers  to  the  fecal  content  as  passed  from  the  rectum. 
Stricture — A  narrowed  area  in  a  body  canal. 
STRONTiUM-90 — The  radioactive  isotope  of  strontium. 
Supervoltage — Refers  to  radiation  in  excess  of  the  range  used 

for  deep  therapy.  This  had  been  taken  to  mean  radiation  in 
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excess  of  400  kv.  but  is  more  usually  employed  in  reference  to 
apparatuses  of  1,000,000-volts  and  higher. 

Surface  Tension — The  ability  of  the  surface  of  a  liquid  to  con- 
tract in  the  form  of  a  sphere. 

Synchrotron — A  particle  accelerator  capable  of  accelerating  both 
electrons  and  protons  to  extremely  high  voltages. 

Syphilis — A  venereal  disease  due  to  spirochete  with  manifold 
effect  on  the  body.  Syphilis  is  detected  by  blood  tests. 

Target — The  area  on  the  anode  where  x-rays  impinge. 
Therapist — A  person  specializing  in  the  treatment  of  disease. 
Therapy — The  art  of  treatment  of  disease. 
Thymus — A  gland  found  in  the  upper  portion  of  the  mediastinum 

which  may  be  large  at  birth  and  restrict  respiration. 
ToMAGRAPHY — A  technical  procedure  in  radiology  to  x-ray  the 

body,  or  portions  of  it,  in  depth.  X-rays  are  taken  at  measi,<red 

intervals   throughout  the  depth  of  the  subject  which,  when 

viewed  in  sequence,  reveal  body  sections. 
Transformer — A  mechanism  to  increase  or  decrease  the  voltage 

applied  to  the  x-ray  tube.  Described  as  a  step-up  or  step-down 

transformer,  according  to  function. 
Tumor — A  swelling  due  to  a  growth  of  cells  independent  of  the 

proper  function  of  that  part  of  the  body  in  which  the  tumor  is 

located.  Such  a  growth  may  be  either  benign  or  malignant. 

Ulcer — An  area  of  the  skin  or  mucus  membrane  that  has  become 
eroded  and  has  resulted  in  an  open  sore. 

Vagina — The  opening  in  the  female  body  extending  from  the 

surface  to  the  uterine  cervix. 
Valves,  Cardiac — The  cusps  which  govern  the  closure  of  the 

portals  between  the  cardiac  chambers. 
Vertebrae — The  component  bones  of  the  spine. 

Wave  Length — A  unit  of  measurement  in  the  propagation  of 
radiation  energy  as  measured  from  the  crest  of  one  wave  to  the 
crest  of  the  next. 
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Negative  electrode     see  Cathode 
Nobel  Prize  in  Physics     1 1 
Nucleus     15 


Parker,  J.  E.      127 
Parotid  gland,  inflammation     loi 
Particle  accelerator     vii,  22,  34 
Passage   of  electricity   in   vacuum   tube 

see    Cathode    rays;    Crookes    tube; 

X-ray  tube 
Pericardium     see  Heart 
Periodic   health    examination      93,    96- 

98 
Pfahler,  George  E.     34 
Philadelphia    Tuberculosis    and    Health 

Association     92 
Phosphorescence     3 
Photography  Magazine     6 
Physicist,  role  of    31-32 
Pioneers,    x-ray      9,     12,    28,    34,    122, 

127 
Pirkey,  E.  L.      127 
Planck,  Max     15 
Pleurisy     51,  81 
Pneumonia     52,  87-88 
Pneumothorax     see  Lung,  collapse 
Positive  electrode     see  Anode 
Potassium-40      154 
Potter-Bucky  diaphragm     23 
Pregnancy     62-63,  loi 
Prostate  gland,  obstruction     87 
Protective  devices     28-29,  151,  152,  156, 

158-59,  160 
leaded    glass    in    fluoroscopic    screen 

radioactive  waste  disposal     156 
shielding     28-29,  158-59,  160 
lead      160 
concrete      160 
water      160 
Proton      1 5 

Pupin,  Michael  I.     9,  24 
Pyloric  canal     see  Stomach 


Orthopedics     see  Bone;  Fracture 
Osteomyelitis     48 


Painting    and    x-rays     see    Art    radio- 
graphy 
Paleopathology     122-23 
Papanicolau  method     93 


RAD     31 
Radiation 

characteristic     17-19 

general     i 7 

ionizing     30,  35,  157-58 

secondary     10,  23,  46,  151 

side  effects     9,  1 1,  28,  29,  32,  140-4I: 
157-58 


1 84 


INDEX 


Radiation  hazards     149-61 

cosmic     154,  156 

early  evidence     150-51 

exposure  limit     156 

fall-out     154-55,  156,  158-59 

fluoroscopy     151-52 

natural     153-54,  ^55 
Radiation    injury     28-29,    32,    140-41, 

157-59 

early  examples     28-29,  32 

mutation     140-41,  157-59 
Radiation  measurement     see  Dose 
Radiation    therapy     see    Therapeutic 

x-ray;  Cancer,  treatment 
Radioactive  isotope  25-26,  34-35,  155 

diagnostic  machine     25-26 

half-life     1 55 

therapy  34-35 
Radioactive  waste  disposal  156,159 
Radiography  47-63,  64-71,  72-76  see 
also  Tomagraphy;  Art  radiography; 
Stamp  radiography;  Metal  radio- 
graphy; Nature  radiography;  Diag- 
nostic x-ray 

body  sections     75-76 

bone     47-49 

circulatory  system     70 

esophagus     58-59 

gall  bladder     64-65 

heart     52-55,  74 

kidney  system     66-67 

lung     49-52,  69-70,  75-76 

salivary  glands     70 

skull     72-74 

small  intestine     61-62 

spinal  cord     67-68 

stomach     60-61 

teeth     55 
Radiologist     40-41,  78-79,  142-45,  149- 

153 

equipment     40-41 

hazards  to     149-53 

requirements     142-44 

responsibilities     143-44 

special  practice     144-45 
Rectifiers     2 1 
Reproductive  tract     68-69,  140-41,  156, 

159 
blood  clot     69 


Reproductive  tract — contd. 

effect  of  radiation     140-41,  156,  159 

obstruction  of  Fallopian  tubes     69 

sterility     68-69 

uterine  tumor     69 
Reynolds,  Russell  J.     29 
Rheumatic  fever     42,  53 
Rigler,  Leo  G.     95-96 
Roentgen   unit     30,    155,    156     see   also 

Dose 
Rontgen,  Wilhelm  Conrad     3-5,  9-10, 

12-13,  137 
"r"  units     31 
Russell,  Lawrence  K.     6 
Rutherford,  Sir  Ernest     15 

Salivary  glands     70 
Scientific  American     1 2 1 
Scientist,  role  of    31-32,  147-48 
Sectional  radiography     see  Metal  radio- 
graphy 
Senn,  Nicholas     29 

Services  aiding  x-ray  industry     146-47 
Shielding     28-29,  ^5^5  ^5^-59?  ^^^ 

aluminum  screen     29 

concrete     1 60 

lead     1 60 

lead-base  paint     29 

leaded  glass     151 

water     160 

zinc-lined  box  with  lead  plate     28 
Shoe  fluoroscope     129 
Shook,  F.  W.     127 
Silent  tumors     see  Cancer,  spread 
Skeleton     47-49     see  also  Bone 
Skin     28,  29,  32-34,  102-04,  106-07 

acne     103 

birthmark     102-03 

cancer     28,  29,  106-07 

carbuncle     1 03 

reaction  to  x-radiation     32-34 

scalp  fungus     103 

scarring     1 03-04 
Skull     72-74     see  also  Brain 
Small  intestine     44,  61-62 

adhesions     62 

cancer     62 

obstruction     62 

ulcers     44,  61 
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Soft  x-ray     34 

Spinal  cord     67-68,  88 

cancer     88 

herniated  disc     68 

obstruction      67-68 
Sproull,  Wayne,  T.      131,  137,  138 
Stamp  radiography     124-27 

autoelectronography  method     126 

electronography  method     126 

forgeries  detected     125-27 

low-voltage  method     126 

repairing  detected     1 26 
Stensen,  Niels     137 
Stereoradiography       128 
Stereoscopic  pairs    see  Metal  radiography 
Steroids     1 00 
Stomach     43-44,  60-61,  84,  92 

cancer     43-44,  61,  84 
statistics     92 

gastritis     84 

hair  balls,  accumulation     60-61 

obstruction     61 

ulcers  61,  84 
Stroke  see  Brain 
Strontium-90     154-55,  158-59 

bone  cancer     155 

leukemia     155 
Subatomic  particles     15 
Supervoltage     21-22,  34 
Surgery     57,  105-13 

construction  of  rectum     57 
Survey  x-rays     91-93 
Synchrotron     34 
Syphilis     55 

Technician     1 45-46 
Teeth     55 

The  Nation     7 
Therapeutic    aids     48,    57 

105-13 
mycin  drugs     48,  103 
other  chemical  agents     1 10 
radium  radiation     1 1 1 
steroids     100 
surgery     57,  105-13 
Therapeutic  x-ray     28-38,99-104,  105 

beginnings     30 
deep     33-34 


Therapeutic  x-ray — contd. 

isotope     34-35 

limitations     33,  37-38 

reactions     34 

research     32 

supervoltage     34 
Thompson,  Sylvanus  P.      1 1 
Thomson,  Elihu     28 
Three-dimensional  films     see  Stereorad- 
iography 
Thymus,  enlargement     100-01 
Tissue  dose     see  Dose 
Tomagraphy     75-76,  82,  89 

fractured  vertebrae     76 

lung     75-76,  82 
Tuberculosis     32,  50,  75-76,  87-88 

research     32 
Tumor     36-38,  81,  105-06 

benign     81,  105 

malignant     105-06 
Tungsten  filament     see  Hot-filamenf 
cathode 

Ulcers     II,  27,  29,  44,  61,  83,  84 

esophagus     83 

result  of  x-radiation     1 1,  27,  29 

small  intestine     44,  61 

stomach     61,  84 
University  of  Minnesota  Cancer  Detec- 
tion Clinic     97 

Vacuum  tube     see  X-ray  tube;  Crookes 

tube 
Veins     see  Circulatory  system 
Voltage     20-22,  33-34 

deep-therapy     33-34 

standardized  levels     33-34 

supervoltage     21-22,  34 


100,     103,       Wild,  Martin  de     116-17 


X-ray     see    also    Radiation;    Diagnostic 
x-ray;    Therapeutic    x-ray;    X-ray 
production;  X-ray  tubes 
discovery     3-4 
early  observations     10 
energy     i 7 
frequency      1 7 
in  medical  history      122-23 
properties      10,  149 
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X-ray  injury     see  Radiation,  side  effects; 

Radiation  hazards 
X-ray  photograph,  first     4 
X-ray  production     9-10,  14,  16-20     see 

also   Crookes    tube;    Cathode   rays; 

Electron 
factors  influencing     9-10 
in  early  tubes     19 
X-ray  spectroscopy     1 36 
X-ray  tables     23-24 
X-ray  technology     14-26 
X-ray  tubes     9-16,   19-22,  33,   131     see 

also   Crookes   tube;    Cathode   rays; 

Electron;  Equipment,  x-ray;  Cxcne- 

rator;  Fluoroscope 


X-ray  tubes — contd. 

antique  collections     20 
early  tubes     9-10,  12,  14-15,  19 
first     3 

high- voltage     21-22,  121 
heat-conducting    copper    jacket    sur- 
rounding target     19 
hot-filament  cathode     19-20,  33 
location  of  anode     19 
rotating  anode     20 


Zinc-lined     box    with    lead     plate     see 
Shielding 
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What  Is  Science?,  N.  Campbell 
The  role  of  experiment  and  measurement,  the  function  of  mathematics,  the 
nature  of  scientific  laws,  the  difference  between  laws  and  theories,  the  limita- 
tions of  science,  and  many  similarly  provocative  topics  are  treated  clearly  and 
without  technicalities  by  an  eminent  scientist.  "Still  an  excellent  introduction 
to  scientific  philosophy,"  H.  Margenau  in  Physics  Today.  "A  first-rate  primer 
.  .  .  deserves  a  wide  audience,"  Scientific  American.  192pp.  5^  x  8. 

60043-2  Paperbound  $1.25 

The  Nature  of  Light  and  Colour  in  the  Open  Air,  M.  Minnaert 
Why  are  shadows  sometimes  blue,  sometimes  green,  or  other  colors  depending 
on  the  light  and  surroundings?  What  causes  mirages?  Why  do  multiple  suns 
and  moons  appear  in  the  sky?  Professor  Minnaert  explains  these  unusual 
phenomena  and  hundreds  of  others  in  simple,  easy-to-understand  terms  based 
on  optical  laws  and  the  properties  of  light  and  color.  No  mathematics  is 
required  but  artists,  scientists,  students,  and  everyone  fascinated  by  these 
"tricks"  of  nature  will  find  thousands  of  useful  and  amazing  pieces  of  informa- 
tion. Hundreds  of  observational  experiments  are  suggested  which  require  no 
special  equipment.  200  illustrations;  42  photos,  xvi  -(-  362pp.  53^  x  8. 

20196-1  Paperbound  .?2.oo 

The  Strange  Story  of  the  Quantum,  An  Account  for  the  General 
Reader  of  the  Growth  of  Ideas  Underlying  Our  Present  Atomic 
Knowledge,  B.  Hoffmann 
Presents  lucidly  and  expertly,  with  barest  amount  of  mathematics,  the  prob- 
lems and  theories  which  led  to  modern  quantum  physics.  Dr.  Hoffmann  begins 
with  the  closing  years  of  the  19th  century,  when  certain  trifling  discrepancies 
were  noticed,  and  with  illuminating  analogies  and  examples  takes  you  through 
the  brilliant  concepts  of  Planck,  Einstein,  Pauli,  Broglie,  Bohr,  Schroedinger, 
Heisenberg,  Dirac,  Sommerfeld,  Feynman,  etc.  This  edition  includes  a  new, 
long  postscript  carrying  the  story  through  1958.  "Of  the  books  attempting  an 
account  of  the  history  and  contents  of  our  modern  atomic  physics  which  have 
come  to  my  attention,  this  is  the  best,"  H.  Margenau,  Yale  University,  in 
American  Journal  of  Physics.  32  tables  and  line  illustrations.  Index.  275pp. 
53/^  X  8.  20518-5  Paperbound  S2.00 

Great  Ideas  of  Modern  Mathematics:   Their  Nature  and  Use, 

Jagfit  Singh 
Reader  with  only  high  school  math  will  understand  main  mathematical  ideas 
of  modern  physics,  astronomy,  genetics,  psychology,  evolution,  etc.  better  than 
many  who  use  them  as  tools,  but  comprehend  little  of  their  basic  structure. 
Author  uses  his  wide  knowledge  of  non-mathematical  fields  in  brilliant  ex- 
position of  differential  equations,  matrices,  group  theory,  logic,  statistics, 
problems  of  mathematical  foundations,  imaginary  numbers,  vectors,  etc. 
Original  publication.  2  appendixes.  2   indexes.  65   ills.  322pp.  58/^  x  8. 

20587-8  Paperbound  $2.25 
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The  Music  of  the  Spheres:  The  Material  Universe  — From  Atom 

TO  Quasar,  Simply  Explained,  Guy  Murchie 
Vast  compendium  of  fact,  modern  concept  and  theory,  observed  and  calculated 
data,  historical  background  guides  intelligent  layman  through  the  material 
universe.  Brilliant  exposition  of  earth's  construction,  explanations  for  moon's 
craters,  atmospheric  components  of  Venus  and  Mars  (with  data  from  recent 
fly-by's),  sun  spots,  sequences  of  star  birth  and  death,  neighboring  galaxies, 
contributions  of  Galileo,  Tycho  Brahe,  Kepler,  etc.;  and  (Vol.  2)  construction 
of  the  atom  (describing  newly  discovered  sigma  and  xi  subatomic  particles), 
theories  of  sound,  color  and  light,  space  and  time,  including  relativity  theory, 
quantum  theory,  wave  theory,  probability  theory,  work  of  Newton,  Maxwell, 
Faraday,  Einstein,  de  Broglie,  etc.  "Best  presentation  yet  offered  to  the  in- 
telligent general  reader,"  Saturday  Review.  Revised  (1967).  Index.  319  illus- 
trations by  the  author.  Total  of  xx  -f  644pp.  bVs  '^  ^Vi- 

21809-0,  21810-4     Two  volume" set,  paperbound  S5.00 


Four  Lectures  on  Relativity  and  Space,  Charles  Proteus  Steinmetz 
Lecture  series,  given  by  great  mathematician  and  electrical  engineer,  generally 
considered  one  of  the  best  popular-level  expositions  of  special  and  general 
relativity  theories  and  related  questions.  Steinmetz  translates  complex  mathe- 
matical reasoning  into  language  accessible  to  laymen  through  analogy,  example 
and  comparison.  Among  topics  covered  are  relativity  of  motion,  location,  time; 
of  mass;  acceleration;  4-dimensional  time-space;  geometry  of  the  gravitational 
field;  curvature  and  bending  of  space;  non-Euclidean  geometry.  Index.  40 
illustrations.  X -(-  142pp.  53/^  X  81^4.  61771-8  Paperbound  Si. 35 


How  TO  Know  the  Wild  Flowers,  Mrs.  William  Starr  Dana 
Classic  nature  book  that  has  introduced  thousands  to  w'onders  of  American 
wild  flowers.  Color-season  principle  of  organization  is  easy  to  use,  even  by 
those  with  no  botanical  training,  and  the  genial,  refreshing  discussions  of 
history,  folklore,  uses  of  over  1,000  native  and  escape  flowers,  foliage  plants 
are  informative  as  well  as  fun  to  read.  Over  170  full-page  plates,  collected  from 
several  editions,  may  be  colored  in  to  make  permanent  records  of  finds.  Revised 
to  conform  with  1950  edition  of  Gray's  Manual  of  Botany,  xlii  -j-  438pp. 
53/g  X  8i/4.  20332-8    Paperbound  S2.50 


Manual  of  the  Trees  of  North  America,  Charles  Sprague  Sargent 
Still  unsurpassed  as  most  comprehensive,  reliable  study  of  North  .American 
tree  characteristics,  precise  locations  and  distribution.  By  dean  of  American 
dendrologists.  Every  tree  native  to  U.S.,  Canada,  Alaska;  185  genera,  717  species, 
described  in  detail— leaves,  flowers,  fruit,  winterbuds,  bark,  wood,  growth 
habits,  etc.  plus  discussion  of  varieties  and  local  variants,  immaturity  variations. 
Over  100  keys,  including  unusual  11 -page  analytical  key  to  genera,  aid  in 
identification.  783  clear  illustrations  of  flowers,  fruit,  leaves.  An  unmatched 
permanent  reference  work  for  all  nature  lovers.  Second  enlarged  (1926)  edition. 
Synopsis  of  families.  Analytical  key  to  genera.  Glossary  of  technical  terms. 
Index.  783  illustrations.  1  map.  Total  of  982pp.  5.^^  x  8. 

20277-1,  20278-X  Two  volume  set,  paperbound  .S6.00 
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It's  Fun  to  Make  Things  From  Scrap  Materials, 

Evelyn  Glantz  Hershoff 
What  use  are  empty  spools,  tin  cans,  bottle  tops?  What  can  be  made  from 
rubber  bands,  clothes  pins,  paper  clips,  and  buttons?  This  book  provides 
simply  worded  instructions  and  large  diagrams  showing  you  how  to  make 
cookie  cutters,  toy  trucks,  paper  turkeys,  Halloween  masks,  telephone  sets, 
aprons,  linoleum  blocK-  and  spatter  prints  —  in  all  399  projects!  Many  are  easy 
enough  for  young  children  to  figure  out  for  themselves;  some  challenging 
enough  to  entertain  adults;  all  are  remarkably  ingenious  ways  to  make  things 
from  materials  that  cost  pennies  or  less!  Formerly  "Scrap  Fun  for  Everyone." 
Index.  214  illustrations,  373pp.  534  x  81/^.  21251-3  Paperbound  $1.75 

Symbolic  Logic  and  The  Game  of  Logic,  Lewis  Carroll 
"Symbolic  Logic"  is  not  concerned  with  modern  symbolic  logic,  but  is  instead 
a  collection  of  over  380  problems  posed  with  charm  and  imagination,  using 
the  syllogism  and  a  fascinating  diagrammatic  method  of  drawing  conclusions. 
In  "The  Game  of  Logic"  Carroll's  whimsical  imagination  devises  a  logical  game 
played  with  2  diagrams  and  counters  (included)  to  manipulate  hundreds  of 
tricky  syllogisms.  The  final  section,  "Hit  or  Miss"  is  a  lagniappe  of  101  addi- 
tional puzzles  in  the  delightful  Carroll  manner.  Until  this  reprint  edition, 
both  of  these  books  were  rarities  costing  up  to  $15  each.  Symbolic  Logic: 
Index,  xxxi  _[_  199pp.  The  Game  of  Logic:  96pp.  2  vols,  bound  as  one.  53/^  x  8. 

20492-8  Paperbound  $2.50 

Mathematical  Puzzles  of  Sam  Loyd,  Part  i 

selected  and  edited  by  M.  Gardner 
Choice  puzzles  by  the  greatest  American  puzzle  creator  and  innovator.  Selected 
from  his  famous  collection,  "Cyclopedia  of  Puzzles,"  they  retain  the  unique 
style  and  historical  flavor  of  the  originals.  There  are  posers  based  on  arithmetic, 
algebra,  probability,  game  theory,  route  tracing,  topology,  counter  and  sliding 
block,  operations  research,  geometrical  dissection.  Includes  the  famous  "14-15" 
puzzle  which  was  a  national  craze,  and  his  "Horse  of  a  Different  Color"  which 
sold  millions  of  copies.  117  of  his  most  ingenious  puzzles  in  all.  120  line 
drawings  and  diagrams.  Solutions.  Selected  references,  xx  _|-   167pp.  bVs  ^  ^• 

20498-7  Paperbound  $1.35 

String  Figures  and  How  to  Make  Them,  Caroline  Furness  Jayne 
107  string  figures  plus  variations  selected  from  the  best  primitive  and  modern 
examples  developed  by  Navajo,  Apache,  pygmies  of  Africa,  Eskimo,  in  Europe, 
Australia,  China,  etc.  The  most  readily  understandable,  easy-to-follow  book  in 
English  on  perennially  popular  recreation.  Crystal-clear  exposition;  step-by- 
step  diagrams.  Everyone  from  kindergarten  children  to  adults  looking  for 
unusual  diversion  will  be  endlessly  amused.  Index.  Bibliography.  Introduction 
by  A.  C.  Haddon.  17  full-page  plates,  960  illustrations,  xxiii  -)-  401pp.  5^  x  81/2. 

20152-X  Paperbound  .I52.25 

Paper  Folding  for  Beginners,  W.  D.  Murray  and  F.  J.  Rigney 
A  delightful  introduction  to  the  varied  and  entertaining  Japanese  art  of 
origami  (paper  folding),  with  a  full,  crystal-clear  text  that  anticipates  every 
difficulty;  over  275  clearly  labeled  diagrams  of  all  important  stages  in  creation. 
You  get  results  at  each  stage,  since  complex  figures  are  logically  developed 
from  simpler  ones.  43  different  pieces  are  explained:  sailboats,  frogs,  roosters, 
etc.  6  photographic  plates.  279  diagrams.  95pp.  554  ^  ^Vs- 

20713-7  Paperbound  $1.00 
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Principles  of  Art  History, 

H.  Wolfpin 
Analyzing  such  terms  as  "baroque,"  "classic,"  "neoclassic,"  "primitive," 
"picturesque,  ■  and  164  different  works  by  artists  like  Botticelli,  van  Cleve, 
Diirer,  Hobbema.  Holbein,  Hals,  Rembrandt,  1  itian,  Brueghel.  \'ermeer,  and 
many  others,  the  author  establishes  the  classifications  of  art  history  and  style 
on  a  firm,  concrete  basis.  This  classic  of  art  criticism  shows  what  really 
occurred  between  the  14th-century  primitives  and  the  sophistication  of  the 
18th  century  in  terms  of  basic  attitudes  and  philosophies.  ".\  remarkable 
lesson  in  the  art  of  seeing,"  Sat.  Rev.  of  Literature.  Translated  from  the  7th 
German  edition.  150  illustrations.  254pp.  6i/g  x  914.  20276-3  Papefbound  S2.25 

Primitive  Art, 

Franz  Boas 
This  authoritative  and  exhaustive  work  by  a  great  American  anthropologist 
covers  the  entire  gamut  of  primitive  art.  Pottery,  leatherwork,  metal  work, 
stone  work,  wood,  basketry,  are  treated  in  detail.  Theories  of  primitive  art, 
historical  depth  in  art  historv,  technical  virtuosity,  unconscious  levels  of  pat- 
terning, symljolism,  styles,  literature,  music,  dance,  etc.  A  must  book  for  the 
interested  layman,  the  anthropologist,  artist,  handicrafter  (hundreds  of  un- 
usual motifs),  and  the  historian.  Over  900  illustrations  (50  ceramic  vessels, 
12  totem  poles,  etc.).  376pp.  53/^  x  8.  20025-6  Paperbound  S2.50 

The  Gentleman  and  Cabinet  Maker's  Director, 

Thomas  Chippendale 
A  reprint  of  the  1762  catalogue  of  furniture  designs  that  went  on  to  influence 
generations  of  English  and  Colonial  and  Early  Republic  American  furniture 
makers.  The  200  plates,  most  of  them  full-page  sized,  show  Chippendale's 
designs  for  French  (Louis  XV),  Gothic,  and  Chinese-manner  chairs,  sofas, 
canopy  and  dome  beds,  cornices,  chamber  organs,  cabinets,  sha\ing  tables, 
commodes,  picture  frames,  frets,  candle  stands,  chimney  pieces,  decorations,  etc. 
The  drawings  are  all  elegant  and  highly  detailed;  many  include  construction 
diagrams  and  elevations.  A  supplement  of  24  photographs  shows  surviving 
pieces  of  original  and  Chippendale-style  pieces  of  furniture.  Brief  biography 
of  Chippendale  by  N.  I.  Bienenstock,  editor  of  Furniture  World.  Reproduced 
from  the  1762  edition.  200  plates,  plus  19  photographic  plates,  vi  -(-  249pp. 
91/^  X  1214.  21601-2  Paperbound  83. 50 

.American  .\ntiqle  Furniture:   .\  Book  for  .Amateurs, 

Edgar  G.  Miller,  Jr. 
Standard  introduction  and  practical  guide  to  identification  of  valuable 
.American  antique  furniture.  2115  illustrations,  mostly  photographs  taken  by 
the  author  in  148  private  homes,  are  arranged  in  chronological  order  in  exten- 
sive chapters  on  chairs,  sofas,  chests,  desks,  l)edsteads,  mirrors,  tables,  clocks, 
and  other  articles.  Focus  is  on  furniture  accessible  to  the  collector,  including 
simpler  pieces  and  a  larger  than  usual  coverage  of  Empire  style.  Introductory 
chapters  identify  structural  elements,  characteristics  of  various  styles,  how  to 
avoid  fakes,  etc.  "We  are  frequentlv  asked  to  name  some  book  on  .American 
furniture  that  will  meet  the  requirements  of  the  novice  collector,  the  begin- 
ning dealer,  and  .  .  .  the  general  public.  .  .  .  We  believe  Mr.  Miller's  two 
volumes  more  completely  satisfv  thi.s  specification  than  any  other  work," 
Antiques.  .Appendix.  Index.  Total  of  vi  _(_  1106pp.  77/^  x  loy^- 

21599-7,21600-4    Two  \olumc  set.  paperbound  ?7  50 
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The  Bad  Child's  Book  of  Beasts,  More  Beasts  for  Worse  Children, 

and  A  Moral  Alphabet,  H.  Belloc 
Hardly  and  anthology  of  humorous  verse  has  appeared  in  the  last  50  years 
without  at  least  a  couple  of  these  famous  nonsense  verses.  But  one  must  see 
the  entire  volumes  —  with  all  the  delightful  original  illustrations  by  Sir  Basil 
Blackwood  —  to  appreciate  fully  Belloc's  charming  and  witty  verses  that  play 
so  subacidly  on  the  platitudes  of  life  and  morals  that  beset  his  day  —  and  ours. 
A  great  humor  classic.  Three  books  in  one.  Total  of  157pp.  5^  ^  8. 

20749-8  Paperbound  $1.00 

The  Devil's  Dictionary,  Ambrose  Bierce 
Sardonic  and  irreverent  barbs  puncturing  the  pomposities  and  absurdities  of 
American  politics,  business,  religion,  literature,  and  arts,  by  the  country's 
greatest  satirist  in  the  classic  tradition.  Epigrammatic  as  Shaw,  piercing  as 
Swift,  American  as  Mark  Twain,  Will  Rogers,  and  Fred  Allen,  Bierce  will 
always  remain  the  favorite  of  a  small  coterie  of  enthusiasts,  and  of  writers 
and  speakers  whom  he  supplies  with  "some  of  the  most  gorgeous  witticisms 
of  the  English  language"  (H.  L.  Mencken).  Over  1000  entries  in  alphabetical 
order.  144pp.  bV%  ^  ^-  20487-1  Paperbound  .$1.00 

The  Complete  Nonsense  of  Edward  Lear. 
This  is  the  only  complete  edition  of  this  master  of  gentle  madness  available 
at  a  popular  price.  A  Book  of  Nonsense,  Nonsense  Songs,  More  Nonsense 
Songs  and  Stories  in  their  entirety  with  all  the  old  favorites  that  have  delighted 
children  and  adults  for  years.  The  Dong  With  A  Luminous  Nose,  The  Jumblies, 
The  Owl  and  the  Pussycat,  and  hundreds  of  other  bits  of  wonderful  nonsense. 
214  limericks,  3  sets  of  Nonsense  Botany,  5  Nonsense  Alphabets,  546  drawings 
by  Lear  himself,  and  much  more.  320pp.  53^  x  8.    20167-8  Paperbound  $1.75 

The  Wit  and  Humor  of  Oscar  Wilde,  ed.  by  Alvin  Redman 
Wilde  at  his  most  brilliant,  in  1000  epigrams  exposing  weaknesses  and 
hypocrisies  of  "civilized"  society.  Divided  into  49  categories— sin,  wealth,  women, 
America,  etc.— to  aid  writers,  speakers.  Includes  excerpts  from  his  trials,  books, 
plays,  criticism.  Formerly  "The  Epigrams  of  Oscar  Wilde."  Introduction  by 
Vyvyan  Holland,  Wilde's  only  living  son.  Introductory  essay  by  editor.  260pp. 
53^  X  8.  20602-5  Paperbound  .'$1.50 

A  Child's  Primer  of  Natural  History,  Oliver  Herford 
Scarcely  an  anthology  of  whimsy  and  humor  has  appeared  in  the  last  50  years 
without  a  contribution  from  Oliver  Herford.  Yet  the  works  from  which  these 
examples  are  drawn  have  been  almost  impossible  to  obtain!  Here  at  last  are 
Herford's  improbable  definitions  of  a  menagerie  of  familiar  and  weird  animals, 
each  verse  illustrated  by  the  author's  own  drawings.  24  drawings  in  2  colors; 
24  additional  drawings,  vii  -|-  95pp.  6i/4  x  6.  21647-0  Paperbound  $1.00 

The  Brownies:  Their  Book,  Palmer  Cox 
rhe  book  that  made  the  Brownies  a  household  word.  Generations  of  readers 
have  enjoyed  the  antics,  predicaments  and  adventures  of  these  jovial  sprites, 
who  emerge  from  the  forest  at  night  to  play  or  to  come  to  the  aid  of  a  deserving 
human.  Delightful  illustrations  by  the  author  decorate  nearly  every  page. 
24  short  verse  tales  with  266  illustrations.   155pp.  ^Vs  ^  9/4- 

21265-3  Paperbound  $1.50 


CATALOGUE  OF  DOVER  BOOKS 

The  Principles  of  Psychology, 

William  James 
The  full  long-course,  unabridged,  of  one  of  the  great  classics  of  Western 
literature  and  science.  Wonderfully  lucid  descriptions  of  human  mental 
activity,  the  stream  of  thought,  consciousness,  time  perception,  memory,  imag- 
ination, emotions,  reason,  abnormal  phenomena,  and  similar  topics.  Original 
contributions  are  integrated  with  the  work  of  such  men  as  Berkeley,  Binet, 
Mills,  Darwin,  Hume,  Kant,  Royce,  Schopenhauer,  Spinoza,  Locke,  Descartes, 
Galton,  Wundt,  Lotze,  Herljart,  Fechner,  and  scores  of  others.  All  contrasting 
interpretations  of  mental  phenomena  are  examined  in  detail— introspective 
analysis,  philosophical  interpretation,  and  experimental  research.  "A  dassic," 
Journal  of  Consulting  Psychology.  "The  main  lines  are  as  valid  as  ever," 
Psychoanalytical  Quarterly.  "Standard  reading  ...  a  classic  of  interpretation," 
Psychiatric  Quarterly.  94  illustrations.   1408pp.  53/^  x  8. 

20381-6,20382-4  1  wo  volume  set.  paperbound  S6.00 

Visual  Illusions:  Their  Causes,  Characteristics  and  Applications, 

M.  Luckiesh 
"Seeing  is  deceiving,"  asserts  the  author  of  this  introduction  to  virtually  every 
type  of  optical  illusion  known.  The  text  both  describes  and  explains  the 
principles  involved  in  color  illusions,  figure-ground,  distance  illusions,  etc. 
100  photographs,  drawings  and  diagrams  prove  how  easy  it  is  to  fool  the  sense: 
circles  that  aren't  round,  parallel  lines  that  seem  to  bend,  stationary  figures  that 
seem  to  move  as  you  stare  at  them  —  illustration  after  illustration  strains  our 
credulity  at  what  we  see.  Fascinating  book  from  many  points  of  view,  from 
applications  for  artists,  in  camouflage,  etc.  to  the  psychology  of  vision.  New 
introduction  by  William  Ittleson,  Dept.  of  Psychology,  Queens  College.  Index. 
Bibliography,  xxi  -f  252pp.  ^%  x  8i/^.  21530-X  Paperbound  $1.50 

Fads  and  Fallacies  in  the  Name  of  Science, 

Martin  Gardner 
This  is  the  standard  account  of  various  cults,  quack  systems,  and  delusions 
which  have  masqueraded  as  science:  hollow  earth  fanatics.  Reich  and  orgone 
sex  energy,  dianetics,  Atlantis,  multiple  moons,  Forteanism,  flying  saucers, 
medical  fallacies  like  iridiagnosis,  zone  therapy,  etc.  A  new  chapter  has  been 
added  on  Bridey  Murphy,  psionics,  and  other  recent  manifestations  in  this 
field.  This  is  a  fair,  reasoned  appraisal  of  eccentric  theory  which  provides 
excellent  inoculation  against  cleverly  masked  nonsense.  "Should  be  read  by 
everyone,  scientist  and  non-scientist  alike,"  R.  T.  Birge,  Prof.  Emeritus  of 
Physics,  Univ.  of  California;  Former  President,  American  Physical  Society. 
Index.  X  -f-  365pp.  r^%  x  8.  20394-8  Paperbound  $2.00 

Illusions  and  Delusions  of  the  Supernatural  and  the  Occult, 

D.  H.  Rawcliffe 
Holds  up  to  rational  examination  hundreds  of  persistent  delusions  including 
crystal  gazing,  automatic  writing,  table  turning,  mediumistic  trances,  mental 
healing,  stigmata,  lycanthropy,  live  burial,  the  Indian  Rope  Trick,  spiritualism, 
dowsing,  telepathy,  clairvoyance,  ghosts,  ESP,  etc.  The  author  explains  and 
exposes  the  mental  and  physical  deceptions  involved,  making  this  not  only 
an  expose  of  supernatural  phenomena,  but  a  valuable  exposition  of  char- 
acteristic types  of  abnormal  psychology.  Originally  titled  "The  Psychology  of 
the  Occult."  14  illustrations.  Index.  551pp.  5.^  x  8.  20503-7  Paperbound  33.50 


CATALOGUE  OF  DOVER  BOOKS 

Fairy  Tale  Collections,  edited  by  Andrew  Lang 
Andrew  Lang's  fairy  tale  collections  make  up  the  richest  shelf-full  of  traditional 
children's  stories  anywhere  available.  Lang  supervised  the  translation  of  stories 
from  all  over  the  world— familiar  European  tales  collected  by  Grimm,  animal 
stories  from  Negro  Africa,  myths  of  primitive  Australia,  stories  from  Russia, 
Hungary,  Iceland,  Japan,  and  many  other  countries.  Lang's  selection  of  trans- 
lations are  unusually  high;  many  authorities  consider  that  the  most  familiar 
tales  find  their  best  versions  in  these  volumes.  All  collections  are  richly  deco- 
rated and  illustrated  by  H.  J.  Ford  and  other  artists. 

The  Blue  Fairy  Book.  37  stories.  138  illustrations,  ix  -f  390pp.  53/^  x  8i/4. 

21437-0  Paperbound  $1.95 

The  Green  Fairy  Book.  42  stories.  100  illustrations,  xiii  -|-  366pp.  5^ 
X  8i/^.  21439-7  Paperbound  81.75 

The  Brown  Fairy  Book.    32  stories.  50  illustrations,  8  in  color,  xii  -|- 
35opp-  53^  X  8i/4.  21438-9  Paperbound  31.95 

The  Best  Tales  of  Hoffmann,  edited  by  E.  F.  Bleiler 
10  stories  by  E.  T.  A.  Hoffmann,  one  of  the  greatest  of  all  writers  of  fantasy. 
The  tales  include  "The  Golden  Flower  Pot,"  "Automata,"  "A  New  Year's  Eve 
Adventure,"  "Nutcracker  and  the  King  of  Mice,"  "Sand-Man,"  and  others. 
Vigorous  characterizations  of  highly  eccentric  personalities,  remarkably  imagi- 
native situations,  and  intensely  fast  pacing  has  made  these  tales  popular  all 
over  the  world  for  150  years.  Editors  introduction.  7  drawings  by  Hoffmann, 
xxxiii  -[-  419pp.  5^  X  8i/4.  21793-0  Paperbound  $2.25 

Ghost  and  Horror  Stories  of  Ambrose  Bierce, 

edited  by  E.  F.  Bleiler 
Morbid,  eerie,  horrifying  tales  of  possessed  poets,  shabby  aristocrats,  revived 
corpses,  and  haunted  malefactors.  Widely  acknowledged  as  the  best  of  their 
kind  between  Poe  and  the  moderns,  reflecting  their  author's  inner  torment 
and  bitter  view  of  life.  Includes  "Damned  Thing,"  "The  Middle  Toe  of  the 
Right  Foot,"  "The  Eyes  of  the  Panther,"  "Visions  of  the  Night,"  "Moxon's 
Master,"  and  over  a  dozen  others.  Editor's  introduction,  xxii  -|_  199pp.  53^ 
X  81/2.  20767-6  Paperbound  .fi.50 

Three  Gothic  Novels,  edited  by  E.  F.  Bleiler 
Originators  of  the  still  popular  Gothic  novel  form,  influential  in  ushering  in 
early  19th-century  Romanticism.  Horace  Walpole's  Castle  of  Otrayito,  William 
Beckford's  Vathek,  John  Polidori's  The  Vampyre,  and  a  Fragment  by  Lord 
Byron  are  enjoyable  as  exciting  reading  or  as  documents  in  the  history  of 
English  literature.  Editor's  introduction,  xi  -|-  291pp.  53/3  x  S]/^- 

21232-7  Paperbound  $2.00 

Best  Ghost  Stories  of  Lefanu,  edited  by  E.  F.  Bleiler 
Though  admired  by  such  critics  as  V.  S.  Pritchett,  Charles  Dickens  and  Henry 
James,  ghost  stories  by  the  Irish  novelist  Joseph  Sheridan  LeFanu  have 
never  become  as  widely  known  as  his  detective  fiction.  About  half  of  the  16 
stories  in  this  collection  have  never  before  been  available  in  America.  Collec- 
tion includes  "Carmilla"  (perhaps  the  best  vampire  story  ever  written),  "The 
Haunted  Baronet,"  "The  Fortunes  of  Sir  Robert  Ardagh,"  and  the  classic 
"Green  Tea."  Editor's  introduction.  7  contemporary  illustrations.  Portrait  of 
LeFanu.  xii  -j-  467pp.  53/^  x  8.  20415-4  Paperbound  $2.50 
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Easy-to-do  Entertainments  and  Diversions  with  Coins,  Cards, 

String,  Paper  and  Matches,  R.  M.  Abraham 
Over  300  tricks,  games  and  puzzles  will  provide  young  readers  with  absorbing 
fun.  Sections  on  card  games;  paper  folding;  tricks  with  coins,  matches  and 
pieces  of  string;  games  for  the  agile;  toy-making  from  common  household 
objects;  mathematical  recreations;  and  50  miscellaneous  pastimes.  Anyone  in 
charge  of  groups  of  youngsters,  including  hard-pressed  parents,  and  in  need  of 
suggestions  on  how  to  keep  children  sensibly  amused  and  quietly  content 
will  find  this  book  indispensable.  Clear,  simple  text,  copious  number  of  delight- 
ful line  drawings  and  illustrative  diagrams.  Originally  titled  "Winter  Nights' 
Entertainments."  Introduction  by  Lord  Baden  Powell.  329  illustrations,  v  4- 
186pp.  53/8  X  81/2.  20921-0   Paperbound  $1.00 

An  Introduction  to  Chess  Moves  and  Tactics  Simply  Explained, 

Leonard  Rarden 
Beginner's  introduction  to  the  royal  game.  Names,  possible  moves  of  the 
pieces,  definitions  of  essential  terms,  how  games  are  won,  etc.  explained  in 
30-odd  pages.  With  this  background  you'll  be  able  to  sit  right  down  and  play. 
Balance  of  book  teaches  strategy  —  openings,  middle  game,  typical  endgame 
play,  and  suggestions  for  improving  your  game.  A  sample  game  is  fully 
analyzed.  True  middle-level  introduction,  teaching  you  all  the  essentials  with- 
out oversimplifying  or  losing  you  in  a  maze  of  detail.  58  figures.  102pp. 
bV%  X  81/^.  21210-6  Paperbound  $1.25 


Lasker's  Manual  OF  Chess,  Dr.  Emanuel  Lasker 
Probably  the  greatest  chess  player  of  modern  times,  Dr.  Emanuel  Lasker  held 
the  world  championship  28  years,  independent  of  passing  schools  or  fashions. 
This  unmatched  study  of  the  game,  chiefly  for  intermediate  to  skilled  players, 
analyzes  basic  methods,  combinations,  position  play,  the  aesthetics  of  chess, 
dozens  of  different  openings,  etc.,  with  constant  reference  to  great  modern 
games.  Contains  a  brilliant  exposition  of  Steinitz's  important  theories.  Intro- 
duction by  Fred  Reinfeld.  Tables  of  Lasker's  tournament  record.  3  indices. 
308  diagrams.  1  photograph,  xxx  -(-  349pp.  5'^  x  8.20640-8Paperbound  .S2.50 


Combinations:  The  Heart  of  Chess,  Irving  Chernev 
Step-by-step  from  simple  combinations  to  complex,  this  book,  by  a  well- 
known  chess  writer,  shows  you  the  intricacies  of  pins,  counter-pins,  knight 
forks,  and  smothered  mates.  Other  chapters  show  alternate  lines  of  play  to 
those  taken  in  actual  championship  games;  boomerang  combinations;  classic 
examples  of  brilliant  combination  play  by  Nimzovich,  Rubinstein,  Tarrasch, 
Botvinnik,  Alekhine  and  Capablanca.  Index.  356  diagrams,  ix  _)-  245pp. 
53/^  x  81/^.  21744-2  Paperbound  S2.00 

How  TO  Solve  Chess  Problems,  K.  S.  Howard 
Full  of  practical  suggestions  for  the  fan  or  the  beginner  —  who  knows  only  the 
moves  of  the  chessmen.  Contains  preliminary  section  and  58  two-move.  46 
three-move,  and  8  four-move  problems  composed  by  27  outstanding  .American 
problem  creators  in  the  last  30  years.  Explanation  of  all  terms  and  exhaustive 
index.  "Just  what  is  wanted  for  the  student,"  Brian  Harley.  112  problems, 
solutions,  vi  -(-  171pp.  53/^  x  8.  20748-X  Paperbound  $1.50 
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Social  Thought  from  Lore  to  Science, 

H.  E.  Barnes  and  H.  Becker 
An  immense  survey  of  sociological  thought  and  ways  of  viewing,  studying, 
planning,  and  reforming  society  from  earliest  times  to  the  present.  Includes 
thought  on  society  of  preliterate  peoples,  ancient  non-Western  cultures,  and 
every  great  movement  in  Europe,  America,  and  modern  Japan.  Analyzes  hun- 
dreds of  great  thinkers:  Plato,  Augustine,  Bodin,  Vico,  Montesquieu,  Herder, 
Comte,  Marx,  etc.  Weighs  the  contributions  of  Utopians,  sophists,  fascists  and 
communists;  economists,  jurists,  philosophers,  ecclesiastics,  and  every  19th 
and  2oth  century  school  of  scientific  sociology,  anthropology,  and  social  psy- 
chology throughout  the  world.  Combines  topical,  chronological,  and  regional 
approaches,  treating  the  evolution  of  social  thought  as  a  process  rather  than 
as  a  series  of  mere  topics.  "Impressive  accuracy,  competence,  and  discrimina- 
tion .  .  .  easily  the  best  single  survey,"  Nation.  Thoroughly  revised,  with  new 
material  up  to  i960.  2  indexes.  Over  2200  bibliographical  notes.  Three  volume 
set.  Total  of  1586pp.  53/g  x  8. 

20901-6,20902-4,20903-2    ihree  volume  set,  paperbound  $9.00 


A  History  of  Historical  Writing,  Harry  Elmer  Barnes 
Virtually  the  only  adequate  survey  of  the  whole  course  of  historical  writing 
in  a  single  volume.  Surveys  developments  from  the  beginnings  of  historiog- 
raphy in  the  ancient  Near  East  and  the  Classical  World,  up  through  the 
Cold  War.  Covers  major  historians  in  detail,  shows  interrelationship  with 
cultural  background,  makes  clear  individual  contributions,  evaluates  and 
estimates  importance;  also  enormously  rich  upon  minor  authors  and  thinkers 
who  are  usually  passed  over.  Packed  with  scholarship  and  learning,  clear,  easily 
written.  Indispensable  to  every  student  of  history.  Revised  and  enlarged  up 
to  1961.  Index  and  bibliography,  xv  -\-  442pp.  53/^  x  8i/^. 

20104-X  Paperbound  $2.75 


JoHANN  Sebastian  Bach,  Philipp  Spitta 
The  complete  and  unabridged  text  of  the  definitive  study  of  Bach.  Written 
some  70  years  ago,  it  is  still  unsurpassed  for  its  coverage  of  nearly  all  aspects 
of  Bach's  life  and  work.  There  could  hardly  be  a  finer  non-technical  introduc- 
tion to  Bach's  music  than  the  detailed,  lucid  analyses  which  Spitta  provides 
for  hundreds  of  individual  pieces.  26  solid  pages  are  devoted  to  the  B  minor 
mass,  for  example,  and  30  pages  to  the  glorious  St.  Matthew  Passion.  This 
monumental  set  also  includes  a  major  analysis  of  the  music  of  the  18th  century: 
Buxtehude,  Pachelbel,  etc.  "Unchallenged  as  the  last  word  on  one  of  the 
supreme  geniuses  of  music,"  John  Barkham,  Saturday  Review  Syndicate.  Total 
of  1819pp.  Heavy  cloth  binding,  r^y^  x  8. 

22278-0,22279-9  Two  volume  set,  clothbound  $15.00 


Beethoven  and  His  Nine  Symphonies,  George  Grove 
In  this  modern  middle-level  classic  of  musicology  Grove  not  only  analyzes  all 
nine  of  Beethoven's  symphonies  very  thoroughly  in  terms  of  their  musical 
structure,  but  also  discusses  the  circumstances  under  which  they  were  Avritten, 
Beethoven's  stylistic  development,  and  much  other  background  material.  This 
is  an  extremely  rich  book,  yet  very  easily  followed;  it  is  highly  recommended 
to  anyone  seriously  interested  in  music.  Over  250  musical  passages.  Index, 
viii  -f  407pp.  53/^  X  8.  20334-4  Paperbound  $2.25 
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Three  Science  Fiction  Novels, 

John  Taine 
Acknowledged  by  many  as  the  best  SF  writer  of  the  1920's,  Taine  /under  the 
name  Eric  Temple  Bell)  was  also  a  Professor  of  Mathematics  of  consideralile 
renown.  Reprinted  here  are  The  Time  Stream,  generally  considered  Taine's 
best,  The  Greatest  Game,  a  biological-fiction  novel,  and  The  Purple  Sapphire, 
involving  a  supercivilization  of  the  past.  Taine's  stories  tie  fantastic  narratives 
to  frameworks  of  original  and  logical  scientific  concepts.  Specidation  is  often 
profound  on  such  cjuestions  as  the  nature  of  time,  concept  of  entropy,  cyclical 
universes,  etc.  4  contemporary  illustrations,  v  -|-  532pp.  5.^  x  8.^. 

21180-0   Paperbound  $2.50 

Seven  Science  Fiction  Novels, 

H.  G.  Wells 
Full  unabridged  texts  of  7  science-fiction  novels  of  the  master.  Ranging  from 
biology,  physics,  chemistry,  astronomy,  to  sociology  and  other  studies,  Mr. 
Wells  extrapolates  whole  worlds  of  strange  and  intriguing  character.  "One 
will  have  to  go  far  to  match  this  for  entertainment,  excitement,  and  sheer 
pleasure  .  .  ."New  York  Times.  Contents:  The  Time  Machine,  The  Island  of 
Dr.  Moreau,  The  First  Men  in  the  Moon,  The  Invisible  Man,  The  War  of  the 
Worlds,  The  Food  of  the  Gods,  In  The  Days  of  the  Comet.   1015pp.  53/^  x  8. 

20264-X  Clothbound  $5.00 

28  Science  Fiction  Stories  of  H.  G.  Wells. 
Two  full,  unabridged  novels,  Men  Like  Gods  and  Star  Begotten,  plus  26  short 
stories  by  the  master  science-fiction  writer  of  all  time!  Stories  of  space,  time, 
invention,  exploration,  futuristic  adventure.  Partial  contents:  The  Country  of 
the  Blind,  In  the  Abyss,  The  Crystal  Egg,  The  Man  Who  Could  Work  Miracles, 
A  Story  of  Days  to  Come,  The  Empire  of  the  Ants,  The  Magic  Shop,  The 
Valley  of  the  Spiders,  A  Story  of  the  Stone  Age,  Under  the  Knife,  Sea  Raiders, 
etc.  An  indispensable  collection  for  the  library  of  anyone  interested  in  science 
fiction  adventure.  928pp.  53/^  x  8.  20265-8  Clothbound  .^.oo 

Three  Martian  Novels, 

Edgar  Rice  Burroughs 
Complete,  unal^ridged  reprinting,  in  one  volume,  of  Thuvia,  Maid  of  Mars; 
Chessmen  of  Mars;  The  Master  Mind  of  Mars.  Hours  of  science-fiction  adven- 
ture by  a  modern  master  storyteller.  Reset  in  large  clear  type  for  easy  reading. 
16  illustrations  by  J.  Allen  St.  John,  vi  -|-  490pp.  53/^  x  8i/^. 

20039-6  Paperbound  S2.50 

An  Intellectual  and  Cultural  History  of  the  Western  World, 

Harry  Elmer  Barnes 
Monumental  3-volume  survey  of  intellectual  development  of  Europe  from 
primitive  cultures  to  the  present  day.  Every  significant  product  of  human 
intellect  traced  through  history:  art,  literature,  mathematics,  physical  sciences, 
medicine,  miLsic,  technology,  social  sciences,  religions,  jurisprudence,  education, 
etc.  Presentation  is  lucid  and  specific,  analyzing  in  detail  specific  discoveries, 
theories,  literary  works,  and  so  on.  Revised  (19^5)  by  recognized  scholars  in 
specialized  fields  under  the  direction  of  Prof.  Barnes.  Revised  bibliography. 
Indexes.  24  illustrations.  Total  of  xxix   -|-    1318pp. 

21275-0,21276-9,21277-7    I  hrce  \olume  set,  paperbound  $825 
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Hear  Me  Talkin'  to  Ya,  edited  by  Nat  Shapiro  and  Nat  Hentoff 
In  their  own  words,  Louis  Armstrong,  King  Oliver,  Fletcher  Henderson,  Bunk 
Johnson,  Bix  Beiderhecke,  Billy  Holiday,  Fats  Waller,  Jelly  Roll  Morton, 
Duke  Ellington,  and  many  others  comment  on  the  origins  of  jazz  in  New 
Orleans  and  its  growth  in  Chicago's  South  Side,  Kansas  City's  jam  sessions. 
Depression  Harlem,  and  the  modernism  of  the  West  Coast  schools.  Taken 
from  taped  conversations,  letters,  magazine  articles,  other  first-hand  sources. 
Editors'  introduction,  xvi  -(-  429pp.  5^^  x  8i/^.  21726-4  Paperbound  $2.00 

The  Journal  of  Henry  D.  Thoreau 
A  25-year  record  by  the  great  American  observer  and  critic,  as  complete  a 
record  of  a  great  man's  inner  life  as  is  anywhere  available.  Thoreau's  Journals 
served  him  as  raw  material  for  his  formal  pieces,  as  a  place  where  he  could 
develop  his  ideas,  as  an  outlet  for  his  interests  in  wild  life  and  plants,  in 
writing  as  an  art,  in  classics  of  literature,  Walt  Whitman  and  other  con- 
temporaries, in  politics,  slavery,  individual's  relation  to  the  State,  etc.  The 
Journals  present  a  portrait  of  a  remarkable  man,  and  are  an  observant  social 
history.  Unabridged  republication  of  1906  edition,  Bradford  Torrey  and 
Francis  H.  Allen,  editors.  Illustrations.  Total  of  1888pp.  Ss/g  x   12I/4. 

20312-3,20313-1    luo  volume  set.  clothbound  $30.00 

A  Shakespearian  Grammar,  E.  A.  Abbott 
Basic  reference  to  Shakespeare  and  his  contemporaries,  explaining  through 
thousands  of  quotations  from  Shakespeare,  Jonson,  Beaumont  and  Fletcher, 
North's  Plutarch  and  other  sources  the  grammatical  usage  differing  from  the 
modern.  First  published  in  1870  and  written  by  a  scholar  who  spent  much  of 
his  life  isolating  principles  of  Elizabethan  language,  the  book  is  unlikely  ever 
to  be  superseded.  Indexes,  xxiv  -|-  511pp.  53/8  x  8i/4. 21582-2  Paperbound  $3.00 

Folk-Lore  of  Shakespeare,  T.  F.  Thistelton  Dyer 
Classic  study,  drawing  from  Shakespeare  a  large  body  of  references  to  super- 
natural beliefs,  terminology  of  falconry  and  hunting,  games  and  sports,  good 
luck  charms,  marriage  customs,  folk  medicines,  superstitions  about  plants, 
animals,  birds,  argot  of  the  underworld,  sexual  slang  of  London,  proverbs, 
drinking  customs,  weather  lore,  and  much  else.  From  full  compilation  comes 
a  mirror  of  the  17th-century  popular  mind.  Index,  ix  -(-  526pp.  5.^  x  81/2. 

21614-4   Paperbound  .I2.75 


The  New  Variorum  Shakespeare,  edited  by  H.  H.  Furness 
By  far  the  richest  editions  of  the  plays  ever  produced  in  any  country  or 
language.  Each  volume  contains  complete  text  (usually  First  Folio)  of  the 
play,  all  variants  in  Quarto  and  other  Folio  texts,  editorial  changes  by  every 
major  editor  to  Furness's  own  time  (1900),  footnotes  to  obscure  references  or 
language,  extensive  quotes  from  literature  of  Shakespearian  criticism,  essays 
on  plot  sources    (often  reprinting  sources  in  full),  and  much  more. 

Hamlet,  edited  by  H.  H.  Furness 
Total  of  xxvi  -\-  905pp.  53/g  x  8i/^. 

21004-9,21005-7    Iwo  volume  set,  paperbound  $5.25 

Twelfth  Night,  edited  by  H.  H.  Furness 
Index,  xxii  -j-  434pp.  53/3  x  8i/^.  21189-4  Paperbound  $2.75 
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La  Boheme  by  Giacomo  Puccini, 

translated  and  introduced  by  Ellen  H.  Bleiler 
Complete  handbook  for  the  operagoer,  with  everything  needed  for  full  enjoy- 
ment except  the  mtisical  score  itself.  Complete  Italian  libretto,  with  new. 
modern  English  line-by-line  translation— the  only  librettb^rinting  all  repeats; 
biographv  of  Puccini;  the  librettists;  background  to  the  opera.  Murger's  La 
Boheme,  etc.;  circumstances  of  composition  and  performances;  plot  summary; 
and  pictorial  section  of  73  illustrations  showing  Puccini,  famous  singers  and 
performances,  etc.  Large  clear  tvpe  for  easy  reading.   124pp.  oVs  ^  ^V2- 

20404-9  Paperbound  $1.25 

Antonio  Stradivari:  His  Life  and  Work    (1644-1737), 

W.  Heni-y  Hill,  Arthur  F.  Hill,  and  Alfred  E.  Hill 
Still  the  onlv  book  that  reallv  delves  into  life  and  art  of  the  incomparable 
Italian  craftsman,  maker  of  the  finest  musical  instruments  in  the  world  todav. 
The  authoi-s,  expert  violin-makers  themselves,  discuss  Stradivari's  ancestry,  his 
construction  and  finishing  techniques,  distinguished  characteristics  of  many 
of  his  instruments  and  their  locations.  Included,  too,  is  storv  of  introduction 
of  his  instruments  into  France,  England,  first  revelation  of  their  supreme 
merit,  and  information  on  his  labels,  number  of  instruments  made,  prices, 
mystery  of  ingredients  of  his  varnish,  tone  of  pre-1684  Stradivari  \iolin  and 
changes  between  1684  and  1690.  An  extremelv  interesting,  informative  account 
for  all  music  lovers,  from  craftsman  to  concert-goer.  Republication  of  original 
(1902)  edition.  New  introdtiction  bv  Sydney  Beck.  Head  of  Rare  Book  and 
Manuscript  Collections,  Music  Division,  New  York  Public  Library.  Analytical 
index  by  Rembert  "Wurlitzer.  Appendixes.  68  illustrations.  30  full-page  plates. 
4  in  color,  xxvi  _(_  315pp.  53/g  x  8i/^.  20425-1  Paperbound  S2.25 


Musical  Autographs  from  Monteverdi  to  Hindemith. 

Emanuel  Winternitz 
For  beautv.  for  intrinsic  interest,  for  perspective  on  the  composer's  personality, 
for  subtleties  of  phrasing,  shading,  emphasis  indicated  in  the  autograph  but 
suppressed  in  the  printed  score,  the  mss.  of  musical  composition  are  fascinating 
documents  which  repay  close  study  in  many  different  ways.  This  2-volume 
work  reprints  facsimiles  of  mss.  by  virtually  every  major  composer,  and  many 
minor  figures— 196  examples  in  all.  A  full  text  points  out  what  can  be  learned 
from  mss.,  analyzes  each  sample.  Index.  Bibliography.  18  figures.  196  plates. 
Total  of  170pp.  of  text,  "jy^  x  loy^. 

21312-9,21313-7  Two  volume  set,  paperbound  S5.00 


J.  S.  Bach, 

Albert  Schweitzer 
One  of  the  few  great  full-length  studies  of  Bach's  life  and  work,  and  the 
^tudy  upon  which  Schweitzer's  renown  as  a  musicologist  rests.  On  first  appear- 
ance (1911),  revolutionized  Bach  performance.  The  only  writer  on  Bach  to 
be  musicologist,  performing  musician,  and  student  of  history,  theology  and 
philosophy.  Schweitzer  contributes  particularly  full  sections  on  history  of  Ger- 
man Protestant  church  music,  theories  on  motivic  pictorial  representations 
in  vocal  music,  and  practical  suggestions  for  performance.  Translated  bv 
Ernest  Newman.  Indexes.  5  illustrations.  650  musical  examples.  Total  of  xix 
-f  928pp.  ^%  X  8i/4.  21631-4,21632-2  Two  volume  set.  paperbound  ^Ab^ 
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The  Methods  of  Ethics,  Henry  Sidgwick 
Propounding  no  organized  system  of  its  own,  study  subjects  every  major 
methodological  approach  to  ethics  to  rigorous,  objective  analysis.  Study  dis- 
cusses and  relates  ethical  thought  of  Plato,  Aristotle,  Bentham,  Clarke,  Butler, 
Hobljes,  Hume,  Mill,  Spencer,  Kant,  and  dozens  of  others.  Sidgwick  retains 
conclusions  from  each  system  which  follow  from  ethical  premises,  rejecting 
the  faulty.  Considered  by  many  in  the  field  to  be  among  the  most  important 
treatises  on  ethical  philosophy.  Appendix.  Index,  xlvii  -|-  528pp.  53/3  x  81^4. 

21608-X  Paperbound  $2.50 

Teutonic  Mythology,  Jakob  Grimm 
A  milestone  in  Western  culture;  the  work  which  established  on  a  modern 
basis  the  study  of  history  of  religions  and  comparative  religions.  4-volume 
work  assembles  and  interprets  everything  available  on  religious  and  folk- 
loristic  beliefs  of  Germanic  people  (including  Scandinavians,  Anglo-Saxons, 
etc.).  Assembling  material  from  such  sources  as  Tacitus,  surviving  Old  Norse 
and  Icelandic  texts,  archeological  remains,  folktales,  surviving  superstitions, 
comparative  traditions,  linguistic  analysis,  etc.  Grimm  explores  pagan  deities, 
heroes,  folklore  of  nature,  religious  practices,  and  every  other  area  of  pagan 
German  belief.  To  this  day,  the  unrivaled,  definitive,  exhaustive  study.  Trans- 
lated by  J.  S.  Stallybrass  from  4th  (1883)  German  edition.  Indexes.  Total  of 
Ixxvii  -\.  1887pp.  5^/8  ^  8 1/4. 

21602-0,21603-9,21604-7,21605-5    Tour  volume  set,  paperbound  Si  1.00 


The  I  Ching,  translated  by  James  Legge 
Called  "The  Book  of  Changes"  in  English,  this  is  one  of  the  Five  Classics 
edited  by  Confucius,  basic  and  central  to  Chinese  thought.  Explains  perhaps 
the  most  complex  system  of  divination  known,  founded  on  the  theory  that  all 
things  happening  at  any  one  time  have  characteristk  features  which  can  be 
isolated  and  related.  Significant  in  Oriental  studies,  in  history  of  religions  and 
philosophy,  and  also  to  Jungian  psychoanalysis  and  other  areas  of  modern 
European   thought.  Index.  Appendixes.  6    plates,  xxi   -|-  448pp.   53^  x  8i/^. 

21062-6  Paperbound  $2.75 

History  of  Ancient  Philosophy,  W.  Windelband 
One  of  the  clearest,  most  accurate  comprehensive  surveys  of  Greek  and  Roman 
philosophy.  Discusses  ancient  philosophy  in  general,  intellectual  life  in  Greece 
in  the  7th  and  6th  centuries  B.C.,  Thales,  Anaximander,  Anaximenes.  Herac- 
litus,  the  Eleatics,  Empedocles,  Anaxagoras,  Leucippus,  the  Pythagoreans,  the 
Sophists,  Socrates,  Democritus  (20  pages),  Plato  (50  pages),  Aristotle  (70  pages), 
the  Peripatetics,  Stoics,  Epicureans,  Sceptics,  Neo-platonists,  Christian  Apolo- 
gists, etc.  2nd  German  edition  translated  by  H.  E.  Cushman.  xv  _[-  393pp. 
53/8  X  8.  20357-3  Paperbound  $2.25 

The  Palace  of  Pleasure,  William  Painter 
Elizabethan  versions  of  Italian  and  French  novels  from  The  Decameron, 
Cinthio,  Straparola,  Queen  Margaret  of  Navarre,  and  other  continental  sources 
—  the  very  work  that  provided  Shakespeare  and  dozens  of  his  contemporaries 
with  many  of  their  plots  and  sub-plots  and,  therefore,  justly  considered  one  of 
the  most  influential  books  in  all  English  literature.  It  is  also  a  book  that  any 
reader  will  still  enjoy.  Total  of  cviii  -{-  1,224pp. 

21691-8,21692-6,21693-4    Three  volume  set,  paperbound  S6.75 
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The  Wonderful  Wizard  of  Oz,  L.  F.  Baum 
All  the  original  W.  W.  Denslow  illustrations  in  full  color— as  much  a  part  of 
"The  Wizard"  as  Tenniel's  drawings  are  of  "Alice  in  Wonderland."  "The 
Wizard"  is  still  America's  best-loved  fairy  tale,  in  which,  as  the  author  expresses 
it,  "The  wonderment  and  joy  are  retained  and  the  heartaches  and  nightmares 
left  out."  Now  today's  young  readers  can  enjoy  every  word  and  wonderful  pic- 
ture of  the  original  book.  New  introduction  by  Martin  Gardner.  A  Baum 
bibliography.  23  full-page  color  plates,  viii  -j_  268pp.   53^  x  8. 

20691-2  Paperbound  Si. 95 

The  Marvelous  Land  of  Oz,  L.  F.  Baum 
This  is  the  equally  enchanting  sequel  to  the  "\Vizard,"  continuing  the  adven- 
tures of  the  Scarecrow  and  the  Tin  Woodman.  The  hero  this  time  is  a  little 
boy  named  Tip,  and  all  the  delightful  Oz  magic  is  still  present.  This  is  the 
Oz  book  with  the  Animated  Saw-Horse,  the  Woggle-Bug,  and  Jack  Pumpkin- 
head.  All  the  original  John  R.  Neill  illustrations,  10  in  full  color.  287pp. 
53/^  X  8.  20692-0  Paperbound  $1.75 

Alice's  Adventures  Under  Ground,  Leivis  Carroll 
The  original  Alice  in  Wonderland,  hand-lettered  and  illustrated  by  Carroll 
himself,  and  originally  presented  as  a  Christmas  gift  to  a  child-friend.  Adults 
as  well  as  children  will  enjoy  this  charming  volume,  reproduced  faithfully 
in  this  Dover  edition.  While  the  story  is  essentially  the  same,  there  are  slight 
changes,  and  Carroll's  spritely  drawings  present  an  intriguing  alternative  to 
the  famous  Tenniel  illustrations.  One  of  the  most  popular  books  in  Dover's 
catalogue.  Introduction  by  Martin  Gardner.  38  illustrations.  128pp.  53/^  x  8i/^. 

21482-6  Paperbound  §1.00 

The  Nursery  "Alice,"  Lewis  Carroll 
^Vhile  most  of  us  consider  Alice  in  Wonderland  a  story  for  children  of  all 
ages,  Carroll  himself  felt  it  was  beyond  younger  children.  He  therefore  pro- 
vided this  simplified  version,  illustrated  with  the  famous  Tenniel  drawings 
enlarged  and  colored  in  delicate  tints,  for  children  aged  "from  Nought  to 
Five."  Dover's  edition  of  this  now  rare  classic  is  a  faithful  copy  of  the  1889 
printing,  including  20  illustrations  by  Tenniel,  and  front  and  back  covers 
reproduced  in  full  color.  Introduction  by  Martin  Gardner,  xxiii  -|-  67pp. 
61/^  X  914.  21610-1  Paperbound  $1.75 

The  Story  of  Kinc;  Arthur  and  His  Kni(;hts,  Hoivard  P\le 
A  fast-paced,  exciting  retelling  of  the  best  known  Arthurian  legends  for  young 
readers  by  one  of  America's  best  story  tellers  and  illustrators.  The  sword 
Excalibur,  wooing  of  Guinevere,  Merlin  and  his  downfall,  adventures  of  Sir 
Pellias  and  Gawaine,  and  others.  The  pen  and  ink  illustrations  are  vividly 
imagined  and  wonderfully  drawn.  41   illustrations,  xviii  -)-  313pp.  6i/^  x  914. 

21445-1  Paperbound   $2.00 


Prices  subject  to  change  without  notice. 

Available  at  vour  l)ook  dealer  or  write  for  free  catalogue  to  Dept.  Adsci, 
Dover  Publications,  Inc.,  iHo  \'arick  St.,  N.V.,  N.Y.  10014.  Dover  publishes  more 
than  150  books  each  year  on  science,  elementary  and  advanced  mathematics, 
biology,  music,  art,  literary  history,  social  sciences  and  other  areas. 
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